
 
 

N83447.AR.000053
NAS FORT WORTH

5090.3a
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DRAFT INSTALLATION RESTORATION PROGRAM PHASE 2 REMEDIAL INVESTIGATION
FOR THE FLIGHT LINE AREA NAS FORT WORTH TX

2/1/1991
RADIAN CORPORATION



File:
A.F.

64

1 7(;

0

NAVAL AIR STATION
FORT WORTH JRB
CARS WELL FIELD

TEXAS

ADMINISTRATIVE RE C ORD
COVER SHEET

AR File Number 6:4'



RCN: 227-005-04
DCN: 91-227-005-04-07

DRAFT

STAGE 2

64

CARSWELL AFE, TEXAS

RADIAN CORPORATION
8501 MO-PAC BOULEVARD
P 0. BOX 201088
AUSTIN, TEXAS 78720-1088

JANUARY 1991 TO DECEMBER 1991

PREPARED FOR

HEADQUARTERS
(HQ SAC/DE)
OFFUTT AIR FORCE BASE,

REMEDIAL INVESTIGATION

FOR THE YLIGHTLINE AREA

N
UNITED STATES AIR FORCE
HUMAN SYSTEMS DIVISION (AFSC)
IRP PROGRAM OFFICE (HSD/YAQI)
BROOKS AIR FORCE BASE, TEXAS 78235-5501

INSTALLATION RESTORATION PROGRAM (IRP)

FEBRUARY 1991

STRATEGIC AIR COMMAND

NEBRASKA 68113-5001



RADIANCORPOR1lOP4 64 2
8501 Mo-Pac Blvd.

P.O. Box 201088
Austin, TX 78720-1088

(512454-4797

REMEDIAL INVESTIGATION
FOR THE FLIGHTLINE AREA

DRAFT REPORT
FOR

CARSWELL AIR FORCE BASE, TEXAS

HEADQUARTERS, AIR FORCE LOGISTICS COMMAND
COMMAND SURGEON'S OFFICE (HQ/AFLC/SGPB)

FEBRUARY 1991

PREPARED BY

RADIAN CORPORATION
P. 0. BOX 201088

8501 MO-FAG BOULEVARD

AUSTIN, TEXAS 78720-1088

USAF CONTRACT NO. F33615-87-D-4023, DELIVERY ORDER NO. 0004, MODIFICATION 0005
CONTRACTOR CONTRACT NO. 227-005-04, DCN 91-227-005-04-07

IRP TECHNICAL OPERATIONS BRANCH (HSD/YAQE)
KARL RATZLAFF
TECHNICAL PROJECT MANAGER

HUMAN SYSTEMS DIVISION (AFSC)
IRP PROGRAM OFFICE (HSD/YAQ)
BROOKS AIR FORCE BASE, TEXAS 78235-5000



[This page intentionally left blank.]

64



64 4

TABLE OF CONTENTS

Section Page

EXECUTIVE SUMMARY ES-i

1.0 INTRODUCTION 1-1

1.1 Purpose of Study 1-i
1.2 Site Description 1-2

1.2.1 Site LFO4 - Landfill 4 1-5
1.2.2 Site LFO5 - Landfill 5 1-5
1.2.3 Site WPO7 - Waste Burial Area 1-5
1.2.4 Site FTO9 - Fire Department Training Area 2 . 1-5

1.3 Summary of Previous Flightline Area Investigations . 1-6
1.3.1 Contaminant Source Characterization 1-7

1.3.2 Surface Water Characterization 1-7

1.3.3 Geologic Characterization 1-8

1.3.4 Ground-Water Characterization 1-9
1.3.5 Findings of Previous Flightline Area

Investigations 1-10

1.4 Report Organization 1-13

2.0 FIELD TECHNIQUES AND ANALYTICAL METHODS . . . . 2-1

2.1 Drilling and Soil Sampling 2-1
2.1.1 Hollow-Stem Augering 2-2
2.1.2 Air and Mud Rotary Drilling 2-2

2.2 Geophysical Surveys 2-5

2.2.1 Electrical Resistivity 2-5

2.2.2 Electromagnetic Surveys 2-6

2.2.3 Magnetometer Surveys 2-6
2.3 Monitor Well Construction and Development 2-7

2.3.1 Upper Zone Well Construction 2-7
2.3.2 Paluxy Formation Well Construction 2-10
2.3.3 Well Development 2-10

2.4 Water Sampling 2-13
2.4.1 Surface Water Sampling 2-13
2.4.2 Ground-Water Sampling 2-14

2.5 Aquifer Testing 2-17
2.5.1 Slug Tests 2-17

2.5.2 Aquifer Pumping Test 2-18

2.6 Surveying 2-21

11



64 5

TABLE OF CONTENTS (Continued)

Section Pag

3.0 PHYSICAL CHARACTERISTICS OF THE FLIGHTLINE AREA . . 3-1

3.1 Topographic Surface Features 3-1

3.2 Surface Water 33
3.3 Geology

3.3.1 Quaternary Alluvium 3-4

3.3.2 Cretaceous Goodland Limestone and Walnut
Formation 35

3.3.3 Cretaceous Paluxy Formation 3-7

3.3.4 Cretaceous Glen Rose Formation 3-il

3.3.5 Cretaceous Twin Mountains Formation . . . . 3-li
3.3.6 Fiightline Area Cross-Sections 3-11

3.4 Hydrogeology 3-17

3.4.1 Upper Zone Aquifer 3-21

3.4.1.1 Ground-Water Occurrence and Flow . 3-21
3.4.1.2 Hydraulic Characteristics of Upper

Zone Aquifer 3-26

3.4.2 Goodland/Walnut Aquitard 3-30

3.4.3 Paluxy Aquifer 3-30
3.4.4 Glen Rose Aquitard 3-33

3.4.5 Twin Mountains Aquifer 3-33

4.0 NATURE AND EXTENT OF CONTAMINATION 4-1

4.1 Summary of QA/QC 4-1
4.2 Results of Ground-Water and Surface Water Analyses 4-3

4.2.1 Ground-Water Contamination 4-3
4.2.1.1 Organic Ground-Water Contaminants . 4-6
4.2.1.2 Inorganic Ground-Water Constituents 4-18

4.2.1.3 Metals 4-20
4.2.1.4 Ground-Water Quality Indicators . . 4-23

4.2.2 Surface Water 4-25

4.2.2.1 Organic Contaminants 4-25

4.2.2.2 Inorganic Constituents 4-29

4.3 Summary of Findings 4-31

5.0 CONTAMINANT FATE AND TRANSPORT 5-1

5.1 Contaminant Persistence and Transformation 5-1

5.1.1 Background and Theory 5-1

5.1.2 Fiightline Area (Golf Course) Data 5-4

5.2 Contaminant Migration Pathways 5-10

5.2.1 Transport in Ground Water 5-10

5.2.2 Transport in Surface Water 5-16

111



64 6

TABLE OF CONTENTS (Continued)

Section Page

6.0 BASELINE RISK ASSESSMENT 6-1

6.1 Summary of Indicator Chemicals 61
6.2 Source and Release Characterization 6-2

6.2.1 Volatilization to the Air 6-2

6.2.2 Fugitive Dust Generation 6-3

6.2.3 Leachate to Ground Water 6-3

6.2.4 Surface Runoff 6-3

6.2.5 Discharge to Surface Water 6-4
6.3 Transport and Fate of Contaminants 6-4

6.3.1 Air Dispersion 6-4

6.3.2 Ground-Water Migration 6-4
6.3.3 Transport in Surface Water 6-5

6.3.4 Uptake by Plants and Animals 6-5

6.4 Exposure Pathways 6-6
6.5 Identification of Receptors 6-8

6.6 Quantification of Exposures 6-9

6.6.1 Inhalation Exposure 6-9

6.6.2 Ingestion Exposure 6-9
6.6.3 Dermal Exposure 641

6.7 Threat to Human Health 6-12
6.7.1 Noncarcinogenic Risks 6-12
6.7.2 Carcinogenic Risks 6-14

6.8 Threat to Wildlife 6-14
6.9 Defense Priority Model Evaluation 6-18

7.0 SUMMARY AND CONCLUSIONS 7-1

7.1 Summary of Contamination and Associated Risks . 7-1
7.1.1 Nature and Extent of Contamination . . . 7-1
7.1.2 Fate and Transport 7-4
7.1.3 Risk Assessment 7-6

7.2 Conclusions 7-8
7.2.1 Data Limitations and Recommendations for

Future Work 7-8
7.2.2 Recommended Remedial Action Objectives . 7-10

GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS

BIBLIOGRAPHY

iv



64 7

TABLE OF CONTENTS (Continued)

Section Page

APPENDIX A -- Lithologic Logs A-i

APPENDIX B - - Well Completion Summaries . . . B-i

APPENDIX C - - Well Development Information . C-l

APPENDIX D - - Water Quality Sampling Records . D-l

APPENDIX E - - Survey Data E-l

APPENDIX F -- Aquifer Pump Test Results, June 1990 Pump
Test F-i

APPENDIX C -- Defense Priority Model (DPM) Evaluation
Worksheet for the Flightline Area . . . . G-l

v



64 8

LIST OF FIGURES

Figure Page

ES-i Location of Flightline Area Sites, Carswell AFB, Texas . . ES-2

ES-2 Sand and Gravel Isopach Map, Flightline Area,
Carswell AFB, Texas ES-5

1-1 Regional Setting of Carswell AFB, Texas 1-3

1-2 Location of Six Sites Included in the Flightline Area,
Carswell AFB, Texas 1-4

3-1 Prominent Surface Features in Flightline Area, Carsweil
AFB, Texas 3-2

3-2 Sand and Gravel Isopach Map, Flightline Area, Carsweli
AFB, Texas 3-6

3-3 Contoured Elevation of Bedrock Surface in Flightline Area,
Carswell AFB, Texas 3-10

3-4 Location Map for Geologic Cross-Sections Through the
Flightline Area, Carsweil AFB, Texas 3-12

3-5 Geologic Cross-Section A-A', Flightline Area, Carswell
AFB, Texas 3-14

3-6 Geologic Cross-Section B-B', Flightline Area, Carsweil
AFB, Texas 3-15

3-7 Geologic Cross-Section C-C', Flightline Area, Carswell
AFB, Texas . 3-16

3-8 Geologic Cross-Section D-D', Flightline Area, Carswell
AFB, Texas . 3-18

3-9 Geologic Cross-Section E-E', Flightline Area, Carswell
AFE, Texas . 3-19

3-10 Geologic Cross-Section F-F', Flightline Area, Carswell
AFB, Texas . 3-20

3-11 Generalized Hydrogeologic Units at Flightline Area,
Carswell AFB, Texas 3-22

3-12 Potentiometric Surface Map of Upper Zone Aquifer, Flightline
Area, Carswell AFB, Texas 3-25

3-13 Areal Extent of the Paluxy Aquifer, North Texas 3-31

vi



64 9
LIST OF FIGURES (Continued)

Figure Page

4-1 Locations of 1990 Ground-Water and Surface Water Samples,

Flightline Area, Carswell AFB, Texas 4-4

4-2 TCE Isoconcentration Contour Map, Flightline Area, Carswell
AFB, Texas (Based on Spring, 1990 Water Sampling) . . . . 4-9

4-3 Sand and Gravel Isopach Map, Flightline Area, Carswell
AFB, Texas 4-10

4-4 Contour Map of TCE Concentrations (> 1,000 g/L) in Upper
Zone Ground Water (April 1988), Flightline Sites, Carswell
AFB, Texas . 4-12

4-5 Vinyl Chloride Isoconcentration Contour Map, Flightline
Area, Carswell AFB, Texas (Based on Spring, 1990 Water
Sampling . . 4l5

4-6 Total-l,2-Dichloroethene Isoconcentration Contour Map,
Flightline Area, Carswell AFB, Texas (Based on Spring,
1990 Water Sampling) 4-19

4-7 Location of Monitor Wells in Which EPA MCLs for Metals Were

Exceeded, Flightline Area, Carswell AFB, Texas (Based on
Spring, 1990 Water Sampling) 4-22

4-8 Location of Surface Water Sampling Points, Flightline Area,
Carswell AFB, Texas (Spring, 1990) 4-26

5-1 Potential Degradation Products and Reaction Mechanisms
for Reduction of Chlorinated Ethanes and Ethylenes . . . . 5-5

5-2 TCE Isoconcentration Contour Map, Flightline Area, Carswell

AFB, Texas (Spring, 1990) 5-6

5-3 Total-l,2-DCE Isoconcentration Contour Map, Flightline
Area, Carswell AFB, Texas (Spring, 1990) 5-7

5-4 Vinyl Chloride Isoconcentration Contour Map, Flightline
Area, Carswell AFB, Texas (Spring, 1990) 5-8

5-5 Isoconcentration Contour Map of TCE Concentrations from

April 1988 Upper Zone Ground-Water Sampling, Flightline
Area, Carswell AFB, Texas 5-11

vii



64 10

LIST OF FIGURES (Continued)

Figure Page

5-6 Upper Zone Aquifer Potentiometric Surface Map (June, 1990),
Flightline Area, Carswell AFB, Texas 5-13

5-7 Sand and Gravel Isopach Map, Flightline Area, Carswell
AFB, Texas . 5-14

5-8 Elevation (MSL) of the Top of the Goodland/Walnut Formation,

Flightline Area, Carswell AFB, Texas 5-17

5-9 Surface Water Sampling Points and Three Divided Reaches of
Farmers Branch, Flightline Area, Carswell AFB, Texas . . . 5-19

6-1 Potential Pathways to Human Exposure from the Flightline
Area 6-7

viii



64 11
LIST OF TABLES

Table Page

ES-i Summary of Upper Zone Aquifer Pumping Test Results,
Flightline Area, Carswell AFB, Texas ES-8

2-1 Summary of RI/FS Phase II Soil Sampling and Analysis
Requirements, Carswell AFB, Texas 2-3

2-2 Upper Zone Monitor Well Construction Specifications,

Flightline Area, Carswell AFB, Texas 2-8

2-3 Specifications for Flightline Area Upper Zone Monitor Wells,
Carswell AFE, Texas 211

2-4 Summary of Flightline Area Water Sampling and Analysis
Requirements, Carswell AFB, Texas 2-15

3-i Elevation of Bedrock in Flightline Area, Carswell AFB,
Texas 3-8

3-2 Geologic Formations in the Vicinity of Carswell AFB, Texas 3-23

3-3 Results of Flightline Area Upper Zone Synoptic Water Level
Survey Conducted on June 18, 1990 3-24

3-4 Summary of Upper Zone Aquifer Pumping Test Results,
Flightline Area, Carswell AFB, Texas (June, 1990) . . . . 3-29

4-i Summary Listing of Organic and Inorganic Analytes, Flight-
line Area, Carswell AFB, Texas 4-5

4-2 Summary of Organic Ground-Water Sampling Results, Spring
1990, Carswell AFB, Texas 4-7

4-3 Summary of Ground-Water Samples with Confirmed Concentrations
of Tetrachloroethene, Spring 1990, Carswell AFB, Texas . . 4-17

4-4 Summary of Inorganic Ground-Water Sampling Results, Spring
1990, Carswell AFB, Texas 4-21

4-5 Summary of Ground-Water Quality Indicators by Site, Spring
1990, Carswell AFB, Texas, with Typical Range for Tarrant
County 4-24

4-6 Summary of Organic Surface Water Sampling Results, Spring
1990, Carswell AFB, Texas 4-27

ix



64 12

LIST OF TABLES (Continued)

Table Page

4-7 Summary of Surface Water and Ground-Water Quality Indicators,
Spring 1990, Carswell AFB, Texas with Typical Range for
Tarrant County 4-30

6-1 Predicted Annual Average Ambient Air Concentrations Resulting
from Estimated Flightlirie Area Emissions 6-10

6-2 Estimated Annual Average Daily Inhalation Exposures for
Contaminants from the Flightline Area 6-13

6-3 Estimated Individual Cancer Risk Associated with Inhalation
of Potential Carcinogens from the Flightline Area . . . . 6-15

6-4 Comparison of Maximum Detected Surface Water Indicator
Chemical Concentrations with EPA Water Quality Criteria . 6-17

7-1 Remedial Action Objectives for Flightline Area IRP Sites,
Carswell AFE, Texas 7-12

x



[This page intentionally left blank.]

xi

64 13



64 14

EXECUTIVE SUMMARY

A Remedial Investigation (RI) was performed by Radian under the

U.S. Air Force Installation Restoration Program (IRP) to characterize environ-

mental contamination present in the Flightline Area of Carswell AFB, Texas;

the existence of which was documented in preceding IRP studies. The affected

environmental media include soil, surface water, and ground water present in

the surficial alluvial aquifer (Upper Zone). The main contaminants are

volatile organic compounds (principally trichloroethene (TCE)) associated with

waste chlorinated solvents. The RI was conducted in stages from 1988 to 1991.

Radian also performed the earlier IRP Phase II Stage 1 investigation (1986);

the IRP Phase I Records Search was performed by CH2M Hill (1984).

The most recent field and analytical effort was conducted in 1990

to provide additional information necessary to support a Feasibility Study

(FS) of remedial alternatives applicable to the Flightline Area. The 1990

effort was limited to further characterization of four of the Flightline Area

IRP sites:

• Site LFO4 - Landfill 4;

• Site LFOS - Landfill 5;

• Site WPO7 - Waste Burial Area; and

• Site FTO9 - Fire Department Training Area 2.

The locations of these, and other Fiightline Area IRP sites that are addressed

in separate project reports and documents, are shown in Figure ES-i.

Four major tasks were accomplished to address the existing data

gaps:

• Drilling and logging of 29 soil borings to identify the dis-

tribution of paleochannel deposits, suspected as preferential

pathways for migration of contaminants in Upper Zone ground

water;

ES-l
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Installation of 10 additional monitor wells, screened to the

base of the Upper Zone Aquifer to provide additional infor-

mation on the areal and vertical extent of ground-water con-

tainination and possible existence of DNAPL;

Ground-water and surface water sampling, analysis and static

water level measurement; and

Aquifer testing to determine Upper Zone hydraulic properties

in the Flightline Area.

Based on all available data, ground-water contamination appears to

be limited to the shallowest water-bearing zone, known as the Upper Zone

Aquifer. In the Flightline Area, as well as across Carswell AFB and the

adjoining area of Air Force (AF) Plant 4, the Upper Zone consists of uncon-

solidated Quaternary and Recent alluvial deposits (sand, gravel, silt and

clay) that contain ground water under unconfined conditions. The Upper Zone

deposits in the Flightline Area vary from approximately 5 to 49 feet thick,

and are underlain by low permeability limestones and shales of the Cretaceous

Coodland and Walnut Formations which form a basal aquiclude. Ground water in

the Upper Zone Aquifer is encountered at depths ranging from approximately 4

to 30 feet below ground level (bgl) and ground-water flow in the Flightline

Area is generally toward Farmers Branch. A series of hydrogeologic cross-

sections through the Flightline Area was prepared from boring logs and

synoptic water level measurements. They are included in Section 3 of this

report to illustrate the local subsurface conditions.

The main surface water bodies located in the Flightline Area are

Farmers Branch, an unnamed tributary that flows into Farmers Branch, and two

small ponds on the base golf course. Farmers Branch eventually discharges to

the Trinity River, which is located along the eastern boundary of Carswell

AFB. The Upper Zone ground water and surface water bodies in the Flightline

Area are hydraulically related, with ground water discharging to surface

water.

ES -3
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Trichloroethene (TCE), vinyl chloride, tetrachioroethene (PCE), and

the cis- and trans- isomers of l,2-dichloroethene (1,2-DCE) are the main

contaminants detected in the ground water and surface water in the Flightline

Area. Based on the concentrations and distribution of these compounds in

ground water, most recently determined in the 1990 sampling and analysis

program, the four former waste disposal areas (Sites LFO4, LFO5, WPO7, and

Fy09) appear to be sources for some of the ground-water contaminants detected

downgradient of the sites. However, all of these compounds were also detected

in samples from monitor wells located hydraulically upgradient of all Carswell

AFB IRP sites in the Flightline Area, indicating that additional off-base

sources must also be contributing to the existing Upper Zone ground-water

contamination. The occurrence of volatile organic contaminants in the Upper

Zone ground water on the AF Plant 4 property, upgradient of the Flightline

Area, has been documented (Hargis and Associates, 1989). The source(s) of the

contamination on AF Plant 4 have thus far not been identified. However, it is

likely that they are also the source(s) for the contamination detected in the

upgradient Flightline Area wells, and are contributing some component to the

contaminant plumes that exist downgradient of the Flightline Area IRP sites.

In conjunction with lithologic logs obtained in previous drilling

efforts, logs from the new soil borings were used to delineate the thick

accumulations of sand and gravel deposited in paleochannels eroded into the

surface of the underlying bedrock. Figure ES-2 is the resulting sand and

gravel isopach map of the Flightline Area. The areas of thickest sediment

correspond well with the highest concentrations of TCE determined in 1988,

suggesting that TCE (and other ground-water contaminants) may be prefer-

entially migrating along these relatively permeable deposits in the Upper

Zone. The locations of existing Carswell AFB monitor wells and wells

installed in the Flightline Area by Hargis and Associates for AF Plant 4 were

reviewed to determine the optimum locations for the new wells installed in

1990. Locations were selected to assess the preferential pathway hypothesis,

as well as to better determine the areal extent of contamination, and the

ES-4
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degree of continuity of the on-site contaminant plume with documented ground-

water contamination present upgradient on the adjacent AF Plant 4 property.

The latter objective could not be achieved because no AF Plant 4 wells were

sampled concurrently with the Carswell AFB Flightline Area wells.

The monitor wells installed in 1990 were completed to intercept the

base of the Upper Zone Aquifer to determine if dense non-aqueous phase liquid

contaminant (DNAPL) is present in the Flightline Area. None was detected.

The results of the 1990 sampling and analytical effort confirmed

that migration of the volatile organic contaminant plumes in the Upper Zone

ground water does occur preferentially within the eroded bedrock paleochan-

nels. A secondary component of movement is in the direction of ground-water

flow, generally toward Farmers Branch. The maximum downgradient limit of

vinyl chloride contamination was defined by the existing well network, which

was also adequate to identify multiple sporadic occurrences of PCE. However,

the areal extent of TCE and total l,2-DCE in ground water was not determined.

Samples from monitor wells located along the downgradient limit of the well

network contained concentrations from 1300 to 2700 ug/L, and 280 to 540 ug/L,

respectively.

In contrast to findings and interpretations from previous inves-

tigations, the ground-water and surface water analytical results for samples

collected in 1990 provide little evidence of a metals contamination problem.

No metals were detected in concentrations above MCLs in any samples analyzed

for dissolved metals and there is no apparent pattern to the few detected con-

centrations above MCLs in the total metals analyses. In previous sampling

events, only the total metals fractions were analyzed.

A pumping well and observation well for evaluation of Upper Zone

Aquifer properties were installed just north of the northeast corner of

Landfill 4, near the axis of a major paleochannel. The observation well was

located approximately 50 feet north of the pumping well. Seven additional

monitor wells were included in the observation well network, but the measured

water levels showed no response to pumping after 20 hours of pumping at the

ES-6
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optimum rate determined in the preceding step test (approximately 20 gal-

lons/minute). Data from the pumping test and subsequent recovery test were

analyzed using the Cooper-Jacob method, and the computer Well Hydraulics

Interpretation Program (WHIP'). The resulting calculated aquifer properties

of transmissivity, hydraulic conductivity, and storage coefficient are

summarized in Table ES-i. The values all fall within the range expected for

clean sands and gravels (Freeze and Cherry, 1979).

Upper Zone ground water in the Flightline Area was determined to

discharge to surface water, based on synoptic water level measurements in the

monitor wells and at a staff gauge in Farmers Branch. This interpretation is

supported by the similarity in ground-water and surface water contaminant

distributions and concentrations in samples collected in 1990. The chemistry

of surface water in the unnamed tributary to Farmers Branch suggests the water

is virtually equivalent to the ground-water plume composition at the sample

collection point. Volatile organic contaminants, most notably TCE, in

concentrations above MCLs were detected in samples collected from both the

upgradient and farthest downgradient sampling points on Farmers Branch,

suggesting contributions from off-base sources, as well as the potential for

off-base migration of contaminants. Estimated concentrations of TCE and total

l,2-DCE leaving the Flightline Area via Farmers Branch are 45 ug/L and 8.4

ug/L, respectively.

A baseline risk assessment, incorporating the 1990 analytical

results, was performed for the Flightline Area. Indicator chemicals, con-

taminant release,transport and fate mechanisms, and potential receptors and

exposure pathways, specific to the Flightline Area were identified and

evaluated. The Flightline Area was determined to pose no significant human

health threat, based on evaluation of carcinogenic and noncarcinogenic

(chronic) risks. Environmental (terrestrial wildlife and aquatic organisms)

risks were determined to be minimal.

ES -7
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Using all available information generated in the IRP, the Flight-

line Area (combined Sites LFO4, LFO5, WPO7 and FTO9) was evaluated using the

Defense Priority Model (DPM). The Flightline Area received a total score of

19,381 and ranked second among the five Carswell AFZ IRP sites/areas evaluated

with the model. While the Flightline Area contamination poses no immediate

human health threat, remedial action is indicated to prevent continuing

contaminant release and migration. Recommendations for addressing remaining

data needs for design and implementation of a remedial action are provided in

Section 7. It is anticipated that all of the required data can be obtained

within the detailed design phase of the selected remedial action, and no

additional separate remedial investigation effort is proposed.
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1.0 INTRODUCTION

1.1 Purpose of Study

The purpose of this study is to provide a sufficiently detailed

description of existing environmental conditions in the Flightline Area (Sites

LFO4, LFO5, WPO7, and FTO9) of Carswell AFB, Texas such that the impacts of

documented ground-water contamination beneath the base can be determined and a

remedial action can be designed and implemented.

Previous IRP studies documented soil and ground-water con-

tamination, especially with trichioroethene (TCE) and chromium (Cr), in the

Flightline Area. Previous investigations detected contamination of soils and

ground water only in the "Upper Zone," a term used to describe the surface

deposits of alluvium and fill in the Flightline Area (Hargis and Montgomery,

Inc., 1983). However, the complete areal and vertical extent of the con-

taininant plume(s) were not defined.

Previously available evidence suggested multiple sources of the

contamination, including source(s) located upgradient of all potential sources

in the Flightline Area of the base. The monitoring network existing at that

time was insufficient to identify and determine the relative contributions

from these other sources. This report, based on additional IRP RI/FS stage 2

field and analytical efforts performed between 5 March and 22 June 1990,

addresses these data gaps and presents a summary of the current understanding

of the hydrogeologic setting and Upper Zone ground-water characteristics of

the Flightline Area.

Four major field tasks were designed to address existing data

gaps. Soil borings were drilled and sampled to better define the distribution

of basal gravels deposited in ancient river channels (paleochannels) which

might serve as preferential pathways for contaminant migration. Monitor wells

were installed to provide additional sampling sites to better characterize the

vertical and lateral extent of ground-water contamination and potential or

existing contamination sources. A comprehensive sampling of all Upper Zone
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wells and numerous surface water sites was conducted to determine the nature

and extent of contamination present. Finally, aquifer testing was performed

to define the hydraulic conditions in the Flightline Area to aid in a more

accurate characterization of contaminant transport.

1.2 Site Description

Carswell AFB is located six miles west of the center of Fort Worth

in Tarrant County, Texas (Figure 1-1). The focus of this investigation is on

an area near the southern end of the flightline at Carswell AFB, hence the

name "Flightline Area" is used to describe the location of the study area.

The Flightline Area includes six discrete sites that were iden-

tified as potential sources of contaminants in previous IRP studies (Figure

1-2). They are:

• LFO3 - Landfill 3;

• LFO4 - Landfill 4;

• LFO5 - Landfill 5;

• WPO7 - Waste Burial Area;

• FTO8 - Fire Department Training Area 1; and

• FTO9 - Fire Department Training Area 2.

Data obtained in the earlier IRP investigations provided no evi-

dence that Sites LFO3 and FTO8 have released hazardous waste or waste con-

stituents to the environment. Therefore, it was concluded that they do not

pose an environmental or human health risk (Radian, 1989; l990a,b). The

monitor wells installed at Site FTO8 were, however, included in this most

recent Stage 2 ground-water sampling effort because it is likely that they are

intercepting ground water that has been contaminated by one or more up-

gradient, potentially off-base sources. In the following subsections, Sites

LFO4, LFO5, WPO7 and FTO9 are described in terms of their physical features,

historical uses, and the significant hydrogeologic findings from previous

investigations performed in the Flightline Area. Historical descriptions of
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these sites and the wastes disposed of in each are taken from the Phase I

Records Search (CH2M Hill, 1984).

1.2.1 Site LFO4 - Landfill 4

Landfill 4 includes approximately 10 acres of land located east of

the south end of Taxiway 197. It was the main landfill during much of the

history of Carswell AFB. While in active use, at least six large pits,

approximately 12 feet deep, were filled with refuse which was burned and

buried. Various potentially hazardous wastes were reported disposed of at

this site, including drums of waste liquids, partially full paint cans, and

cadmium batteries.

1.2.2 Site LFO5 - Landfill 5

Landfill 5 is located northwest of Landfill 4, adjacent to a small

tributary to Farmers Branch. The landfill was constructed by building a clay

berm along the creek and filling the area behind the berm up to the existing

level. The landfill received all types of flightline wastes and refuse.

Flightline wastes typically include such substances as oils, thinners,

strippers, and paints. Waste materials in the landfill were burned regularly

and buried.

1.2.3 Site WPO7 - Waste Burial Area

Site WPO7 is located adjacent to and north of White Settlement Road

where it comes to a dead end at the taxiway. The area was used for burial of

wastes during the l960s. Various types of hazardous wastes, including drums

of cleaning solvents, leaded sludge, and possibly ordnance were reportedly

disposed of at this site.

1.2.4 Site FTO9 - Fire Department Training Area 2

Site FTO9 is located between Taxiway 197 and the radar facility.

This site, with only slight modifications, has been used for fire department

1-5



64 29
training exercises since 1963. The fire pit is lined with gravel and is

enclosed by a low earthen berni. In the past, a second pit was present at the

site to collect run-off from the training exercises, but it no longer exists.

1.3 Summary of Previous Flightline Area Investigations

The Flightline Area has been the subject of field investigations

performed during two separate Stages of the IRP Phase II; the Stage 1 Prelimi-

nary Assessment (PA) and Stage 2 Site Inspection (SI). The Phase II Stage 1

investigation (Radian, 1986) documented contamination of shallow ground water

and soils in the Flightline Area. The initial Phase II Stage 2 investigative

activities helped define contaminants in the Flightline Area, both quali-

tatively and quantitatively. Radian conducted a second episode of field

activities during the Phase II Stage 2 investigation (Radian, 1990c) to fill

data gaps remaining after the initial Phase II Stage 2 effort (Radian, 1989).

Most notably, further characterization efforts included:

• Source definition;

• Determination of surface water - ground water relationships;

• Definition of vertical and lateral extent of contamination;

and

• Estimation of Upper Zone Aquifer hydraulic properties.

With information obtained from the additional Phase II Stage 2 activities,

more complete characterization of contaminant source(s), surface water,

geology, and ground water in the Flightline Area was achieved.

The following paragraphs summarize the activities performed

throughout the Phase II IRP to characterize the contaminant sources and

environmental media of concern in the Flightline Area at Carswell AFB. All

field and analytical data from these investigations are contained in the

various reports, including the Phase I investigation (CH2M Hill, 1984), the
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Phase II Stage 1 investigation (Radian, 1986), and the previous Phase II Stage

2 investigation (Radian, 1989).

1.3.1 Contaminant Source Characterization

The following activities were performed to characterize the

source(s) of contamination identified in the Flightline Area:

• Determining the locations of the IRP hazardous waste sites in

the Flightline Area;

• Delineating the lateral and vertical extent of the waste

areas; and

• Assessing the chemical and physical characteristics of wastes

disposed of in the Flightline Area IRP sites.

These activities were accomplished by completing the following

tasks:

• Reviewing the Phase I Records Search and personnel interviews;

• Performing geophysical surveys to accurately define the lat-

eral and vertical extent of the former waste disposal areas;

and

• Collecting environmental samples (soil, ground water, and

surface water) to determine the types and amounts of contamin-

ants associated with individual waste disposal units within

the Flightline Area.

1.3.2 Surface Water Characterization

The major surface water features associated with the Flightline

Area are:
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• Farmers Branch;
• An unnamed tributary that flows into Farmers Branch; and

• Two ponds located on the Carswell AFB golf course.

The following tasks were performed to characterize these surface

water features:

• Chemical analysis of surface water samples collected from

Farmers Branch, the unnamed tributary to Farmers Branch, and

the two ponds located on the golf course;

• Estimating flow volumes at several locations on Farmers Branch

and the small tributary; and

• Installing and surveying a staff gage in Farmers Branch to

help determine ground-water/surface water relationships in the

Flightline Area.

1.3.3 Geologic Characterization

The objectives of the geologic characterization activities per-

formed in the Flightline Area were to:

Determine the location of paleochannel(s) to assist in place-

ment of Upper Zone monitor wells;

Determine the depth to the shallow aquitard (Goodland/Walnut

Formation) in the Flightline Area;

Identify the thickness of the shallow aquitard under the

Flightline Area; and

Determine the depth to the uppermost regional potable water

supply aquifer (Paluxy Aquifer) beneath the study area.
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Radian accomplished these activities by completing the following

tasks:

• Borehole drilling, sampling, and lithologic logging; and

• Performance of geophysical surveys.

1. 3.4 Ground-Water Characterization

Investigations of the ground water occurring under the Flightline

Area were limited to the Upper Zone and the Paluxy Aquifers. Previous

investigations focused on these two aquifers because deeper aquifers are

unlikely to be affected by downward migrating contaminants. This is due to

the several hundred-foot thick section of low permeability Glen Rose Limestone

that acts as a basal aquitard to the Paluxy Aquifer in this area. Activities

were focused on defining ground-water quality, both upgradient and down-

gradient of former waste disposal units in the Flightline Area, and on

estimating aquifer properties. Characterization efforts were directed toward:

• Determining the physical and hydraulic properties of the

aquifers;

• Identifying and quantifying the concentrations of contaminants

in ground water from the Upper Zone and Paluxy Aquifer; and

• Delineating the lateral and vertical extent of ground-water

contamination.

Radian performed the following tasks to characterize ground-water

conditions in the Flightline Area:

• Test well installation in both the Upper Zone and Paluxy

Aquifers;

• Sampling and describing the sediments that contain the ground

water;
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Synoptic water-level surveys and potentiotnetric surface con-

touring;

• Performing in situ permeability tests (slug tests) and a pump

test of the Upper Zone Aquifer;

• Ground-water sampling and analysis for waste-specific in-

dicator parameters; and

• Mapping of ground-water contamination in the Flightline Area.

1.3.5 Findings of Previous Flightljne Area Investigations

Geology

Based on the results of previous investigations (CH2M Hill, 1984;

Radian, 1986, 1989, l990c), the Flightline Area of Carswell AFB is charac-

terized by surficial alluvial deposits of gravel, sand, silt and clay which

are unconforinably underlain by limestone and shale bedrock of the Cretaceous

Goodland and Walnut Formations. The alluvium includes flood-plain and

fluviatile terrace deposits which together constitute the Upper Zone, as

defined by Hargis and Montgomery, Inc., 1983.

The base of the Upper Zone sediments was encountered during dril-

ling activities performed in both RI/FS Phase II Stage 1 and Stage 2. In the

Flightline Area, the Upper Zone varies from approximately 13 feet to greater

than 40 feet thick. In general, silt and clay, with variable amounts of sand

and gravel, dominate the upper five to 10 feet of the section. Below this

depth, sand and gravel occur in increasing proportions, and in general, tend

to increase in grain size with depth. Basal gravel deposits also occur in

paleochannel features eroded into the surface of the underlying bedrock. The

gravel consists mainly of limestone and shell fragments that range in size

from fine gravel to cobbles.
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The bedrock was penetrated during drilling of the Paluxy Aquifer

monitor wells in the Stage 2 study, and was encountered at the base of a

number of the Upper Zone monitor wells installed in Stage 1 and Stage 2.

Bedrock in the Flightline Area consists of interbedded fossiliferous limestone

and calcareous shale of the Goodland and the Walnut Formations. These units

are generally dry, although small amounts of water were occasionally observed

in the shale and clay units during drilling activities.

The bedrock surface is level across most of the Flightline Area

east of Taxiway 197, but rises sharply near the southwest part of Site FTO9

and the southern part of Site LFO4, in the vicinity of the outcrop south of

the study area. The locally irregular topography of the bedrock surface is

typical of an erosional surface modified by fluvial processes.

Ground Water

Ground water occurs in the Upper Zone and in the Paluxy Aquifer

beneath the Flightline Area. The potentiometric surface of ground water in

the Upper Zone tends to mirror the configuration of the alluvium/bedrock

contact. The position of the water table also reflects to a lesser degree the

land surface topography. Downgradierit is generally to the east toward a

tributary of Farmers Branch, parallel to the surface slope. The hydraulic

gradient is very low (on the order of 16 feet per mile) beneath most of the

Flightline Area, except in the extreme southwestern area where it is notably

steeper.

IRP Stage 1 ground-water analytical results revealed Upper Zone

contamination by several volatile organic compounds, most notably TCE at con-

centrations ranging up to approximately 5000 micrograms per liter (pg/L).

Soil samples from the Flightline Area also contained detectable concentrations

of TCE. Most of the detected contamination was apparently centered to the

east of the Flightline Area at the golf course, but TCE concentrations up to

nearly 3300 pg/L were also detected in samples from wells located upgradient

of Landfill 5, within 900 feet of the flightline. No contaminants were

detected in the Paluxy Aquifer monitor wells.
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During the Stage 2 effort, flightline monitor wells were sampled in

January-February, and again in April, 1988. The following analytes were

detected in concentrations above their respective EPA Maximum Contaminant

Levels (MCLs) in one or more samples: arsenic, barium, cadmium, chromium,

lead, selenium; and trichloroethylene, vinyl chloride, and benzene. Of the

metals detected in concentrations exceeding their MCLs, chromium was the most

widespread. However, all metals analyses were performed on unfiltered ground-

water samples, and therefore reflect total, rather than dissolved metals con-

centrations.

As determined in Stage 1, the dominant organic contaminant iden-

tified in Stage 2 Upper Zone ground-water samples was TCE. The extent of the

TCE plume in the Flightline Area was not completely defined upgradient (west)

or downgradient (north and east) of the flightline IRP sites. based on the

generally west-to-east shallow ground-water flow direction, the existence of

TCE in samples from monitor wells located west of the IRP sites was inter-

preted as indicating one or more additional upgradient sources not related to

the sites subject to ongoing investigation. Also, TCE contamination of Upper

Zone ground water in the area east of Air Force Plant 4 (i.e., upgradient of

the Carswell AFB Flightline Area) is documented (Hargis and Associates, 1989).

Additional Stage 2 activities in the Flightline Area were recom-

mended to: 1) determine to what extent, if any, the TCE-contaminated Upper

Zone ground water east of Plant 4 and that beneath the Flightline Area

constitute a contiguous plume; 2) determine to what extent, if any, the IRP

sites on Carswell AFB are contributing to the existing Upper Zone ground-water

contamination; 3) define the maximum lateral, downgradient, and vertical

extent of the contaminant plume on Carswell AFB; and 4) define the site-

specific hydrogeological characteristics of the Upper Zone in the Flightline

Area in sufficient detail to design and implement an appropriate remedial

action.
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1.4 Report Organization

Following this Introduction, the field activities performed to

characterize the Flightline Area are described in Section 2. The techniques

and methodologies used to accomplish the field program are presented in detail

with respect to the contaminant source, surface water, geological, and ground-

water investigations that were included in the comprehensive Phase II scope of

work. Section 3 presents a detailed description of the physical environmental

setting of the Flightline Area based on interpretation of data from the

current investigation and from previous studies. The nature and extent of

surface water and ground-water contamination, determined from the most recent

round of sampling and analysis (May-June 1990) are discussed in Section 4, and

Section 5 addresses contaminant fate and transport. Section 6 summarizes the

baseline risk assessment methodology and results of the evaluation; and

presents the Defense Priority Model (DPM) ranking of the Flightline Area.

Section 7 summarizes the major findings of the RI and presents the conclusions

regarding data limitations and recommendations for additional activities.
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2.0 FIELD TECHNIQUES AND ANALYTICAL METHODS

Several field techniques were used to obtain information on the

environmental conditions of the Flightline Area. The following subsections

describe the techniques for drilling and soil sampling (including analytical

methods, holding times, and collection and preservation requirements), the

methods for conducting geophysical surveys, the methods and specifications for

well construction and development, the techniques for collecting water samples

(including analytical methods, holding times, and collection and preservation

requirements), aquifer test methods, and surveying requirements.

2.1 Drilling and Soil Sampling

Drilling at Carswell AFB was accomplished using a hollow-stem auger

rig for the Upper Zone monitor wells and soil borings and a rotary drilling

rig (using both mud and air) for the Paluxy monitor wells. These methods were

selected based on site-specific conditions and data requirements; i.e., the

anticipated depth of completion, the need for water-level observations during

drilling, and the expected geologic conditions.

After each borehole was completed, the drilling rig, auger flights,

and equipment were decontaminated with a high temperature, high pressure

steam-sprayer using base potable water.

Cuttings suspected of being contaminated on the basis of visual

evidence and organic vapor analyzer (OVA) or photolonization detector (HNu)

readings were placed in steel 55-gallon drums. Selected samples of cuttings

were collected and submitted for analysis of EP Toxicity.

The following paragraphs describe the drilling and soil sampling

procedures.
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2.1.1 Hollow-Stem Augering

A Mobile Drill B-6l or a CME-75 hollow-stem auger drilling rig was

used to perform shallow soil borings and installation of the Upper Zone

monitor wells. The hollow-stem auger method allows for recovery of relatively

undisturbed subsurface soil cores, determination of subsurface lithologies and

structures, and accurate identification of the position of the water table.

The boreholes were drilled dry; no drilling fluids or additives were used.

Samples of soil were collected with either a split-spoon sampler, a thin-wall

sampler (Shelby tube), or a CME 5-foot continuous core sampler.

The soil samples were described in terms of lithology, moisture

content and any evidence of contamination. Lithologic logs of boreholes

drilled during the most recent field activities are provided in Appendix A.

Photographs of selected soil cores showing lithologic characteristics were

also taken.

Selected samples were shipped on ice to Radian's laboratory for

chemical analysis. Analytical parameters for soil samples are listed in Table

2-1. No soil samples were collected for chemical analysis in the most recent

Stage 2 effort.

2.1.2 Air and Mud Rotary Drilling

Air and mud rotary drilling was performed during the Phase II Stage

1 program (Radian, 1986) with a Gardner-Denver 1500 CD truck-mounted rig. A

6-inch bit was used to advance a pilot borehole through the Upper Zone

alluvial material to a depth of at least five feet into the underlying

Goodland Limestone. The borehole was then reamed to a diameter of 14 inches.

In order to seal off different water bearing zones, a 10-inch diameter steel

casing was installed to the full depth of the borehole and the annular space

was grouted. Upon achieving a positive seal, the borehole was advanced using

a 6-inch diameter bit to the final depth at the shale unit separating the

upper and lower Paluxy Formation. Bentonite drilling fluid was used while
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drilling in the Paluxy Formation owing to borehole instability during air

rotary operations.

As the borehole was advanced, the cuttings discharged at the

surface were described by lithology, moisture content (air rotary-drilled

section), evidence of contamination, and other features useful in charac-

terizing the geologic section. Drilling conditions, such as relative rate and

ease of penetration, were noted by the driller. Water encountered during

drilling was noted with respect to depth of occurrence and rate of production.

As needed, drilling was suspended temporarily to allow for recovery of water

in the borehole.

2.2 Geophysical Surveys

Geophysical surveys were performed to define the vertical and

lateral extent of waste-disposal activities, to provide a clearer picture of

the subsurface conditions around the sites, and to investigate the potential

existence of buried objects at several locations. Most geophysical tasks were

performed during Phase II Stage 1; only a magnetometer survey of WPO7 (form-

erly Site 10) was performed during the initial Stage 2 investigation.

All survey grids were laid out using a compass and measuring chain.

Stations were marked with labelled pin flags or spray paint. The geophysical

techniques employed in the Flightline Area characterization efforts were earth

resistivity, magnetic and magnetic gradient, and fixed frequency electromag-

netic profiling (EMP) conductivity. The Earth Technology Corporation of

Golden, Colorado performed the geophysical surveys in the Flightline Area.

Following are brief descriptions of the various geophysical techniques used to

characterize the Flightline Area.

2.2.1 Electrical Resistivity

Earth resistivity was measured by direct current Schlumberger

soundings (vertical electrical soundings - VES) at all IRP sites in the

Flightline Area. The Bison Model 2350 Earth Resistivity meter was utilized
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for the VES measurements. Current electrode separations used were (in

meters): 1, 2, 3, 4, 6, 10, 14, 20, 30, 40, and 50 (1 meter equals 3.28

feet). Due to variable ground conductivity, potential electrode separations

varied slightly from site to site. The sounding data were processed using the

AZEM VES iteration process to obtain a best fit curve and were plotted

logarithmically as resistivity in ohm-meters versus half the current electrode

separation in meters. The plot also includes the layered earth model giving

the best match. At most VES sites, orthogonal electrode arrays were used to

test for distortions of the data due to lateral inhomogeneities in the ground.

2.2.2 Electromagnetic Surveys

Electromagnetic profiling (EMP) surveys were conducted at Flight-

line Area Sites LFO3, LFO4, LFOS, WP07, Fr08, and FTO9 using two devices: the

Geonics EM31 and the Geonics EM34-3 ground conductivity sensors. Both ground

conductivity sensors are designed for rapidly obtaining data over large areas.

The meters employ magnetic dipoles or magnetic induction loops for transmis-

sion and reception of low frequency electromagnetic waves. The effective

depth of investigation of the EM31 is six meters; the depth of investigation

provided by the EM34-3 depends on the coil separation and orientation, applied

frequency, and to some extent, the conductivity profile of the subsurface.

The techniques and conditions at Carswell AFB resulted in an effective

investigation depth of 50 feet with the EM34-3. The resulting data are

reported in units of inillinthos/meter.

2.2.3 Magnetometer Surveys

Magnetometer surveys were accomplished using either an EDA PPM500

proton magnetometer or a Ceometrics C856AX magnetometer. Magnetometer surveys

were performed because the over-burden at Carswell has a low magnetic suscep-

tibility; the buried objects were believed to contain a significant amount of

iron that would create a noticeable magnetic anomaly. Readings of the total

field and magnetic gradient were taken at each location. The units for these

readings are gammas and gammas per one-half meter (1.64 feet), respectively.

The magnetometer survey of WPO7 during Phase II Stage 2 activities was
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performed to determine if metal objects were buried at any of the proposed

drilling locations.

2.3 Monitor Well Construction and Development

During the Phase II activities in the Flightline Area, a total of

35 Upper Zone monitor wells and two Paluxy Aquifer monitor wells were

installed. The construction specifications and well development procedures

are described in the following sections. One aquifer (pump) test well and an

observation well were also completed in the Upper Zone. The construction of

these wells is described in Section 2.5 (Aquifer Pumping Test).

2.3.1 Upper Zone Well Construction

Upper Zone monitor wells were installed either immediately after

completion of the drilling operations or after the borehole produced enough

water to warrant a well. Construction specifications for the Upper Zone

monitor wells are presented in Table 2-2. Well completion summaries for

Flightline Area monitor wells completed in the most recent (1990) inves-

tigation are provided in Appendix B. Construction methods were generally

consistent with the specifications provided in the SOW. Any changes neces-

sitated by unanticipated field conditions were made with the knowledge and

approval of the HSD/YAQ Technical Program Manager. Decisions regarding the

setting of the screen and casing, length of screen, amount of sand pack and

bentonite were made in the field by the Radian Supervising Geologist based on

the static water level and saturated thickness of Upper Zone sediments.

Monitor wells were installed using the following procedures:

1. Prior to installation, the casing and screen sections were

thoroughly washed using a high temperature, high-pressure

steam sprayer, with base potable water.
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TABLE 2-2. UPPER ZONE MONITOR WELL CONSTRUCTION SPECIFICATIONS,
FLIGHTLINE AREA, CARSWELL AFB, TEXAS

1. Casing: Two-inch diameter, threaded and flush jointed, Schedule 40 PVC.

2. Screen: Two-inch diameter, threaded and flush-jointed factory-slotted,
Schedule 40 PVC, 0.020 inch slot. Normal screen length is 10 feet.
Some well screens were wrapped with filter fabric material.

3. Sand/gravel pack: Washed and bagged, rounded sand/gravel with grain
size compatible with screen slot and formation (Coarse, No. 8-20). A
sand pack was placed from the bottom of the borehole to two to five feet
above the top of the well screen. Sand was placed at a controlled rate
to avoid bridging within the auger.

4. Bentonite seal: Two feet (minimum) of pelletized bentonite placed above
the sand pack.

5. Grout: Type II Portland cement grout poured into the annular space from
the top of the bentonite seal to land surface. A grout mixture
consisting of approximately four pounds of bentonite to 94 pounds of
cement was used. The grout was allowed to set for at least 24 hours
before any well development activities.

6. Surface completion: PVC casing cut off to provide a 2- to 3-foot
stickup with a solid cap placed on the casing. A 4- to 6-inch square
steel well protector, four to five feet in length, was placed over the
exposed PVC casing, and seated in the cement. A locking cap is incor-
porated in the well cover. Steel guard posts were installed as
described in (8) below. The steel well protector and steel guard posts
were painted for corrosion control and visibility.

7. Alternate flush completion: PVC casing cut off two to three inches
below land surface, with a cast-iron valve box cemented in place. To
prevent any surface water infiltration, the valve box is slightly
elevated above land surface and the surrounding concrete is sloped away
from the well. The lid to the valve box is secured with allen bolts.
Most wells located on the heavy traffic areas of the Carswell AFB golf
course were completed flush with the land surface.

8. Guard pipes or posts: Three 3-inch diameter steel posts, six feet in
length, with a minimum of two feet below ground, installed radially four
feet from the wellhead (not emplaced for flush surface completion).

2—8



64 46
2. Screen and casing sections were assembled, then lowered care-

fully into the borehole. As the string of screen and casing

was lowered, additional sections of casing were added until

the bottom of the screen reached the bottom of the borehole.

The top of the casing was capped to prevent any completion

materials (sand, bentonite pellets, and grout) from entering

the casing during well construction activities. Where heaving

or flowing sand was encountered, some well screens were

wrapped in a filter fabric and installed using a natural,

rather than artificial, sand pack. These wells were LFO4-4F

and -4H, and LFO5-5F, -5C, and -5H.

3. Except as previously noted, clean sand (Coarse, No. 8-20) was

poured carefully inside the annular space as the augers were

slowly withdrawn from the borehole. The sand pack was reg-

ularly measured by the supervising geologist until the level

of the sand was at least 2 feet above the top of the screen.

Bentonite pellets were placed above the sand to form a 2-foot

thick seal (minimum). If necessary, water bailed from the

borehole was poured down the annular space to hydrate the

bentonite.

4. Neat cement grout containing approximately four percent ben-

tonite was either emplaced through the augers as they were

withdrawn, or slowly poured down the borehole, if the for-

mation was sufficiently consolidated to remain open.

5. After completion of grouting, the casing was cut two to three

feet above land surface and a protective 4- to 6-inch diameter

steel casing protector with a lockable lid was cemented into

place. Three steel guard posts were then placed around the

well. If above-ground stickups were of concern in an area,

the well was completed flush with the land surface. For flush

completions, the lid to the valve box was secured with allen

bolts.
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After all wells were completed, well locations and elevations were

professionally surveyed. Table 2-3 presents the elevations of the ground

surface, the welihead, and the screened interval of the Upper Zone monitor

wells in the Flightline Area.

2.3.2 Paluxy Formation Well Construction

After drilling operations were completed as described in Section

2.1, two Paluxy Aquifer monitor wells were installed as follows: Screen and

casing, consisting of 5-inch diameter Schedule 80 PVC, were installed into the

10-inch diameter borehole. Screen length was 37.5 feet. Gravel pack material

(Texas Blast Sand No. lA) was placed in the annular space to a level of five

feet above the top of the screen. Bentonite pellets were added to form a 2-

foot thick seal, and the remaining annular space was sealed to the surface by

the tremie method using bentonite-cement grout. After the grout was allowed

to set for a minimum of 24 hours, the well was developed by bailing until a

sediment-free discharge was produced. A 1/3 horsepower stainless steel

submersible pump was installed after development. Protective casing, surface

electrical connections, and a concrete well pad were placed after the pump was

installed.

2.3.3 Well Development

After allowing the cement grout to set-up for a minimum of 24

hours, the Upper Zone wells were developed by either bailing using a bottom-

entry bailer or pumping with a Triloc hand pump (1.7-inch diameter). As

previously stated, Paluxy Aquifer monitor wells were developed by bailing.

Water levels in some of the Upper Zone wells recovered slowly and

the wells were bailed dry several times. Other wells produced sufficient

water and were developed in a single effort, without a recovery period.

Development was considered complete when the water in the well was as sediment

free as possible. The pH, temperature and conductivity of the development

discharge water were measured and recorded at frequent intervals. The ground

water removed from the wells was placed in steel 55-gallon drums, sealed and
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appropriately labeled, based on field observations. Well development logs for

the most recently installed (1990) monitor wells in the Flightline Area are

provided in Appendix C.

2.4 Water Sampling

Both ground-water and surface water samples were collected from the

Flightline Area. The following subsections describe the sampling techniques

and methodologies for the various water samples collected during IRP Phase II

investigations. Ground-Water and Surface Water Quality Sampling Records for

the most recent round of Stage 2 sampling, including measurements of PH,

conductivity, and temperature; and information such as volumes of water purged

prior to sampling are provided in Appendix D.

2.4.1 Surface Water Sampling

Surface water grab samples were collected directly in the clean

sample containers to minimize sample handling (and possible cross-contam-

ination). The samples were collected approximately six inches below the water

surface, or half-way between the water surface and the bed of the stream if

the stream was not six inches deep. During the most recent (1990) field

activities, surface water samples were collected at Farmers Branch, a small

tributary that runs into Farmers Branch, and two ponds located on the Carswell

AFB golf course. Additionally, during the most recent Stage 2 investigation

(1990), estimates of flow volume were made at each surface water sample

location at the time of collection.

Specific conductance, pH and temperature were measured on an

aliquot of each sample. Specific conductance and pH were measured with a

DSPH-l meter and the temperature was taken with a mercury thermometer.

Alkalinity measurements were made in the field using a Hach Alkalinity Test

Kit (Model AL-DT) and digital titrator. Prior to obtaining the field measure-

ments, the pH meter was calibrated with pH 4, 7, and 10 standard solutions and

the conductivity meter was calibrated using either a 1413 or a 1504 umhos/cm

KC1 conductivity standard solution.

2-13
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2.4.2 Ground-Water Sampling

Prior to sample collection, water levels were measured in each of

the monitor wells with an Olympic Actat water level meter, and were recorded

in a field notebook or on appropriate IRPIMS data collection forms. Measure-

ments were taken from the surveyed mark point at the top of the casing, and

read to the nearest 0.01-foot. Between measurements, the probe and associated

electrical line were washed with laboratory grade detergent, rinsed with

potable water, and then rinsed with deionized water to reduce the possibility

of cross-contamination.

Before samples were collected, a minimum of three well volumes of

water were bailed from the well using a bottom-entry Teflon' bailer attached

to a nylon monofilament line. This procedure ensured that representative

formation water was collected. Purged water was placed in 55-gallon drums for

final disposal pending the outcome of chemical analyses (provided to the Base

Environmental Coordinator). Between wells, all equipment used for bailing

operations was cleaned with laboratory grade detergent (Alconox), rinsed with

potable water, ASTM Type II Reagent Water (or approved equivalent), pesticide-

grade methanol, and finally pesticide-grade hexane. The equipment was allowed

to air dry completely before reuse. The nylon line was replaced between

wells.

Specific conductance, pH, temperature, and alkalinity were deter-

mined as described for surface water. On a few occasions, field measurements

could not be made due to instrument malfunction.

-
After each well was purged of the required volume of water, ground-

water samples were collected using a Teflon bailer. After collection, samples

were placed directly into prelabeled sample bottles and preserved according to

the requirements listed in Table 2-4. Ground-water samples for dissolved

metals were filtered in the field. Samples were placed in ice chests with ice

and were shipped for overnight delivery to Radian's laboratories in Sacramen-

to, California, or Austin, Texas; or were hand delivered to the laboratory in

2-14
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Austin. To ensure that sample integrity was maintained during shipping and

handling, custody seals were affixed to each ice chest and chain-of-custody

forms were completed and transmitted with the samples to each laboratory.

2.5 Aquifer Testing

Single-well in situ permeability aquifer tests (i.e., slug tests)

and an aquifer pumping test were performed to determine the hydraulic proper-

ties of the Upper Zone Aquifer in the Flightline Area. Following is a

discussion of the aquifer test methods.

2.5.1 Slug Tests

Slug tests were performed in 13 monitor wells (LFO4-4A, -4B, -4D,

-4E, -4G. LFO5-5A, -5B, -5C, -5D, -5E, Fr09-l2A, -l2B, and -12C) at the

Flightline Area, and results were used to calculate the hydraulic conductivity

of the Upper Zone Aquifer. The wells selected for slug testing represent a

range of hydrogeologic conditions.

The slug test evaluates the response of water levels in a well when

a "slug" (known volume) of water is instantaneously removed or added.

Typically, the response of the water level in a moderately permeable for-

mation, such as the Upper Zone at Carswell AFB, is quite rapid. By deter-

mining the behavior of the water level in the well in response to the stress

of the slug, the hydraulic conductivity of the aquifer material directly

adjacent to the well screen can be calculated. To perform these calculations,

the geometry of the well, aquifer boundary conditions, and initial water level

must be known. The hydraulic conductivities were calculated using the method

developed by Bouwer and Rice (1976).

The first step of the slug test was to measure the static water

level in the well. Next, a known volume of water was removed by bailing and

segregated for use as the slug. After the desired volume of water was removed

from the well, a pressure transducer and attached cable were lowered into the

well and suspended at a point just above the bottom of the well screen. The
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pressure transducer was connected to an In-Situ, Inc. Hermit 1000B automatic

data logger, capable of measuring and recording pressure changes on a log-

arithmic frequency, beginning every 0.2 seconds in the first few seconds of

the test. before introducing the slug, the water level in the well was

allowed to return to static conditions. Then, as the slug was rapidly poured

in the well, the data recorder was activated to measure the response of the

water level. At least two slug tests were conducted at each well tested to

determine the reproducibility of the results.

2.5.2 Aquifer Pumping Test

An aquifer pumping test was performed to evaluate the hydraulic

characteristics of the Upper Zone deposits in the Flightline Area. One 6-inch

diameter well (LFO4-03) was installed during field activities performed under

D.O. 4 Modification 0004 to accommodate the 4-inch submersible pump used in

the test. The pumping well was constructed of Schedule 80 Pvc (slot size

0.020 inches) and was screened over the entire saturated thickness of the

Upper Zone. In order to measure the aquifer's response to pumping, a 2-inch

diameter observation well (LFO4-02) was also installed. The observation well

was installed about 50 feet north of the pumping well and was also screened

over the entire saturated thickness of the Upper Zone. All other construction

details were the same as for the Upper Zone monitor wells.

Pumping tests usually provide the means to stress an aquifer to

such a degree that reliable estimates of transmissivity, storativity, and

hydraulic conductivity can be made. These values are calculated using

drawdown and recovery data recorded in the pumping well and observation wells.

Each of these calculated parameters can ultimately be used to estimate ground-

water flow rates and contaminant plume migration.

Step Pumping Test

Prior to the start of the pumping test, a step test was performed

to assess aquifer response at multiple incremental pumping rates to determine

the optimum pumping rate for the aquifer test. The optimum pumping rate for
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the Flightline Area pumping test was determined to be the full capacity of the

submersible pump (Gould 1/2 HP, Model 10 EJ) or approximately 20 gallons-per-

minute (gpm). The pump was rated at approximately 25 gpm with the amount of

hydraulic head encountered in the pumping well. However, travel of discharge

water through over 300 feet of polyethylene pipe before ultimate discharge to

the City of Fort Worth sewer system reduced discharge rates because of

friction losses. Background water-level data in the pumping well and the near

observation well were collected electronically (at 10 minute intervals) with a

Hermit brand model SE1000B data logger for approximately 40 hours prior to the

step test. The background data are useful for defining natural trends (i.e.,

variability) in the Upper Zone Aquifer water level, such as increases from

recharge or decreases due to evapotranspiration. The background data can also

be useful in preventing misinterpretation of a water level decline as being

caused by pumping, rather than by natural factors.

Pumping Test

The pumping test was conducted on 21 and 22 June 1990, and ran for

20 hours. The pumping test began about 16 hours after the end of the step

test, when the measured water levels had recovered to over 99 percent of their

pre-step test levels. The 4-inch submersible pump (used in the pump and step

test) was powered by a 3500 watt portable generator. Pump test discharge

water underwent aeration before being discharged to the City of Fort Worth

sewer system, with air for the aeration provided by a portable 125 cfm air

compressor. During the step and pump tests, the pumping rate was determined

by timing discharge into a 5-gallon container with a stopwatch. All required

data from the aquifer test were recorded on IRPIMS Pump/Recovery Test Data

Collection Forms, included in Appendix F.

Because drawdown is more rapid at the beginning of a pumping test,

electronic recording of water levels (in the pumping well and nearest obser-

vation well) was in a logarithmic progression. Manual water level measure-

ments of seven additional Upper Zone monitor wells were also made at more

frequent intervals during the early stages of the test. During the test, pH,

conductivity, temperature and the visual characteristics of the discharge
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water were recorded at regular intervals. In addition, the pumping rate and

drawdown of the pumping well were periodically checked to ensure consistency

throughout the test, as wells will typically show a slow decline in discharge

with time as drawdown increases.

Electronic data logging equipment was periodically downloaded by

hand during the test. This allowed for construction of time-drawdown plots,

or hydrographs, in the field for all wells being monitored during the test.

These plots were used for preliminary determination of aquifer charac-

teristics. Discharge water was pumped into a temporary holding tank to allow

observation of water characteristics and recording of water quality data.

Periodically during the pump test, water samples going into the holding tank

(pre-aeration) and exiting the holding tank (post-aeration) were collected.

These samples were collected in 40 mL VOA vials, filling each approximately

two-thirds full with water. These water samples were allowed to sit in the

direct sunlight for several hours prior to a headspace analysis for volatile

organic content. During the time spent in the sunlight, volatile organics in

the ground-water volatilized to the overlying air column. The volatile

organic content of the headspace was measured with an HNu photoionization

detector (PID). This was accomplished by cutting a small slit in the Teflon

septum in the cap of the vial and quickly inserting the probe of the HNu PID.

Comparison of the pre-aeration and post-aeration volatile organic concentra-

tions allowed for gross determination of the aeration system efficiency.

At the conclusion of the 20-hour ground-water pumping period, water

level monitoring and observations continued during the recovery period.

Recovery data were included on the hydrographs for each well. Data from the

aquifer pumping test were used to calculate hydraulic parameters for the Upper

Zone Aquifer.

A more complete description of the aquifer pumping test procedures

and methods of analysis is provided in Appendix F.
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2.6 Surveying

Land surveying activities were conducted by Brittain & Crawford,

Inc., Registered Land Surveyors, of Fort Worth. These activities consisted of

measurements of the horizontal location of wells, boreholes, hand-auger holes,

and surface water sampling locations in terms of State Plane Coordinates; and

of measurements of reference point elevations to an accuracy of 0.01 foot.

The survey was conducted to an accuracy needed for a second order survey. All

of the data were provided as values posted on a map, and in tabular form

(Appendix E).
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3.0 PHYSICAL CHARACTERISTICS OF THE FLIGHTLINE AREA

This section describes the physical characteristics of the Flight-

line Area, with respect to local surface features, surface water bodies,

geology, and ground-water occurrence. The primary basis of this charac-

terization is interpretation of field and laboratory data obtained from the

Installation Restoration Program (IRP) at Carswell AFB, Texas. Radian

maintains a database containing all environmental data from the Flightline

Area developed during the Phase II Stage 2 field program using the U.S. Air

Force required Installation Restoration Program Information Management System

(IRPIMS) format.

3.1 Topographic Surface Features

The area in the vicinity of the flightline ranges from an essential-

ly level surface near the main (north-south) runway to gently rolling land

near tributaries of Farmers Branch at the golf course. Figure 3-1 shows the

location of the various surface features associated with the Flightline Area

(buildings, roads, IRP sites, surface water bodies, etc.).

The Soils Conservation Service has identified four soil associations

at Carswell AFB, however, only the Sanger-Purves-Slidell association occurs in

the Flightline Area (USDA, 1981). The Sanger-Purves-Slidell soils range in

thickness from 8-80 inches and are predominantly composed of clay loam. These

are nearly level to gently sloping clayey soils with a permeability ranging

from <4.2 x i0 to 3 x l0 cm/sec.

All of the land is underlain by terrace deposits of the Trinity

River and fill material associated with the construction of the base runway

and taxiways. The terrace deposits have been moderately dissected by trib-

utaries of Farmers Branch. Elevations in the area range from approximately

625 feet mean sea level (MSL) at Landfill 3 (LFO3) to 580 feet MSL at the

northern end of Landfill 5 (LFO5) and at Site 11 (FTO8).
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3.2 Surface Water

The main surface water bodies in the Flightline Area are Farmers

Branch, an unnamed tributary that flows into Farmers Branch, and two ponds on

the Carswell AFB golf course (Figure 3-1). Surface drainage in the Flightline

Area is generally to the north and east toward Farmers Branch. During the

Stage 2 investigation performed in 1990, water was present in tributaries to

Farmers Branch at 1) the southwest side of Landfill 4 (LFO4), 2) the eastern

side of Landfill 5 (LFO5) and Fire Department Training Area 2 (FTO9), and 3)

the eastern edge of the Flightline Area (see unnamed tributary, Figure 3-1).

Southwest of Landfill 4 (LFO4), the unnamed tributary flows over limestone and

shale outcrop, but becomes an influent stream as water percolates into terrace

(Upper Zone) deposits south and east of the landfill. The tributary west of

Landfill 5 (LFO5) and Site 12 (FTO9) becomes effluent at Cody Drive where

terrace deposits are relatively thin. Farmers Branch ultimately discharges to

the Trinity River, located on the eastern boundary of Carswell AFB. The

evaluation of ground-water flow at the Flightline Area suggests that the

surface water bodies may receive ground-water inflow, and possibly con-

taminants associated with the ground water. A staff gage was installed in

Farmers Branch (Figure 3-1) and professionally surveyed during the additional

Stage 2 field activities. Synoptic ground-water and surface water-level

measurements made in June 1990 were used to evaluate Upper Zone ground-

water/surface water communication. A detailed discussion of this com-

munication is provided in Section 4 (Nature and Extent of Contamination) of

this report.

Estimates of flow volume in Farmers Branch and the unnamed tributary

were made. Flow volumes were calculated by measuring the width and average

depth of the stream(s), and then multiplying the resulting cross-sectional

area by the estimated flow rate. The flow rate was estimated by measuring the

length of time required for a floating object to travel a known distance.

Estimated flow volumes at the time of sampling (April, 1990) were 6.0 cubic

feet/second (cfs) for the four locations on Farmers Branch and 0.2 cfs for the

unnamed tributary. Water in the two ponds appeared stagnant at the time of
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sampling. Observed flow in Farmers Branch during field activities was

extremely variable, ranging from <5 to >100 cfs (following heavy rains).

3.3 Geology

Carswell AFB is located on the relatively stable Texas craton, west

of the faults that lie along the Ouachita Structural Belt. No major faults or

fracture zones have been mapped near the base. The regional dip of the rocks

beneath Carswell AFB is between 35 and 40 feet per mile in an easterly to

southeasterly direction. From youngest to oldest, the major geologic for-

mations found in the Flightline Area of Carswell AFB are as follows: 1)

Quaternary Alluvium, 2) Cretaceous Goodland Limestone, 3) Cretaceous Walnut

Formation, 4) Cretaceous Paluxy Formation, 5) Cretaceous Glen Rose Formation,

and 6) Cretaceous Twin Mountains Formation.

Subsurface geologic conditions in the Flightline Area were charac-

terized using indirect methods (geophysical surveys) and direct subsurface

sampling and lithologic logging during drilling operations. Most of the IRP

activities focused on the Upper Zone. The Goodland/Walnut Aquitard and the

Paluxy Aquifer in the Flightline Area were the deepest (oldest) units pene-

trated, and by only two monitor wells installed during the initial Stage 2

effort. The following subsections contain discussions of the geology in the

Flightline Area.

3.3.1 Quaternary Alluvium

Quaternary alluvium, deposited by the Trinity River, is found at the

surface throughout the Flightline Area site, as well as over most of the base.

The alluvium consists of floodplain and fluviatile terrace deposits of gravel,

sand, silt, and clay that occur as a veneer on the eroded surface of the

Goodland Limestone. The unconsolidated alluvial deposits and fill are

referred to as the "Upper Zone," a term initially applied to similar alluvial

deposits at AF Plant 4 (Hargis and Montgomery, Inc., 1983). The Upper Zone is

a hydrogeologic unit at Carswell AFB that is a mixture of clay, silt, sand,

and gravel of variable thickness and degree of saturation.
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Drilling on the base indicates that the alluvial deposits (and fill)

range from a few feet to greater than 45 feet of interbedded clay, silt, sand,

and gravel. The irregular thickness of the alluvium is due to depositional

events, stream channeling, and erosion. In general, silt and clay with

variable amounts of sand and gravel occur at the land surface down to depths

of five to 10 feet. Underlying the silt and clay is a sand and gravel unit

that normally increases in grain size with increasing depth. These strata

appear to be relatively continuous across the area of investigation, although

coarse gravel deposits occur in limited areas generally east of the Fire

Department Training Areas 1 (FTO8) and 2 (Fr09). The sand deposits are fine-

grained to coarse-grained, tan to rust in color, and composed predominantly of

quartz grains. Gravel is mostly limestone and shell fragments ranging in size

from fine gravel to cobbles. A sand and gravel isopach map of the Flightline

Area is presented in Figure 3-2.

During the most recent drilling activities in the Flightline Area,

efforts were made to characterize the paleochannels (old stream channel

patterns) believed to exist in the area. Examination of Figure 3-2 shows

thick sand and gravel sequences, indicative of channel deposits, to occur east

of Taxiway 197 and roughly paralleling White Settlement Road. Sand and gravel

thicknesses greater than 20 feet occur in an approximately 800 feet-wide area,

with White Settlement Road serving as the approximate median to the pattern.

Additional evidence of the channel pattern is seen in the eroded nature of the

bedrock in this area and the extensive limestone gravels (scoured bedrock).

The gravels were deposited as channel lag deposits on the scoured upper

surface of the underlying bedrock (Goodland/Walnut Formations).

3.3.2 Cretaceous Goodland Limestone and Walnut Formation

Underlying the alluvium are the Cretaceous-age Goodland and Walnut

Formations. Both formations consist of interbedded, fossiliferous, hard

limestone and calcareous shale, and are thus discussed together. The rock is

fractured and there is considerable jointing and flaking, which gives the

limestone a fractured appearance. These strata are generally dry, although

small amounts of water are occasionally present in the shale and clay units.

3-5
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The erosional surface of the bedrock is generally level across most

of the Carswell AFB area, with a pronounced rise in the southwest portion of

the base corresponding to the outcrop of limestone and shale. Table 3-1 shows

the depth (and corresponding elevation) to bedrock (Goodland/Walnut Formation)

at all drilling locations in the Flightline Area. Figure 3-3 is a contour map

of the elevation (MSL) of the top of the bedrock surface. The locally

irregular topography of the top of the bedrock is characteristic of an

erosional surface modified by fluvial processes, which is recorded by the

overlying sequence of interbedded fluviatile gravel, sand, silt, and clay.

The thickness of the Goodland/Walnut Formations, as observed during

the drilling of Paluxy wells P-i and P-2 (Figure 3-1), is approximately 30-40

feet beneath the Flightline Area. However, because the top of the Good-

land/Walnut Formations is an erosional surface, the thickness in isolated

areas may be less than originally deposited. It has been reported that the

Quaternary alluvium and the cretaceous Paluxy Formation are in direct contact

at the eastern boundary of AF Plant 4, where the Goodland/Walnut Formations

were completely eroded away (Hargis and Associates, 1985).

3.3.3 Cretaceous Paluxy Formation

Beneath the Goodland and Walnut Formations lies the Cretaceous-age

Paluxy Formation, often referred to as the Paluxy Sand. The Paluxy Formation

is the deepest unit penetrated in the Flightline Area during the IRP efforts.

Regionally, the Paluxy Sand is divided into upper and lower sand members by an

intervening shale unit. The sands in the upper part of the Paluxy are

reported by drillers to be fine-grained and shaley. The lower sand member

generally consists of two separate and distinct sand strata, but the in-

dividual sand beds do not maintain constant thickness or lithology over long

distances. About one-half to three-fourths of the Paluxy is sand; the

remainder Consists of clay, sandy clay, shale, lignite, silicified wood

fragments, and nodules of pyrite. In general, coarse-grained sand is in the

lower part of the Paluxy which grades upward into fine-.grained sand with

variable amounts of shale and clay.
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TABLE 3-1. ELEVATION OF BEDROCK IN FLIGHTLINE AREA, CARSWELL AFB, TEXAS

Location
Ground Level

Elevation
Depth to
Bedrock

Elevation of
Bedrock

Sand and Gravel
Thickness

ID (Pt, MSL) (Ft) (Ft, MSL) (Pt)

LFO3-3A 633.47 18.0 615.5 0
LFO3-3B 633.84 19.5 614.3 0
LFO3-3C 635.39 12.0 623.4 0
LFO3-3D 621.6 15.0 606.6 0
LFO3-3E 622.87 16.0 606.9 0

LFO4-4A 624.6 18.0 606.6 11.0

LFO4-4B 618.4 17.5 600.9 10.0
LFO4-4C 610.9 29.0 581.9 23.0
LFO4-4D 613.1 29.0 584.1 25.0
LFO4-4E 617.5 33.5 584.0 28.0

LFO4-4F 622.8 >35.5 <587.3 >29.5
LFO4-4G 619.1 39.5 579.6 30.5

LFO4-4H 610.5 27.0 583.5 23.0
LFO4-Ol 626.5 40.0 586.5 20.7
LFO4-02 621.0 37.0 584.0 26.0
LFO4-03 620.5 37.5 583.0 25.4
LFO4-04 609.4 25.0 584.4 23.5
LFO4-05 608.8 25.8 583.0 17.0

LFO4-06 613.3 29.5 583.8 24.1

LFO4-07 630.4 38.2 592.2 28.4
LFO4-08 630.0 47.0 583.0 38.9
LFO4-09 627.4 47.0 580.4 37.4
LFO4-l0 626.9 49.0 577.9 36.3

LFO5-5A 619.4 31.0 588.4 13.5
LFO5-5B 597.4 8.0 589.4 3.0
LFO5-5C 606.8 21.0 585.8 16.0
LFO5-5D 608.5 24.0 584.5 20.0
LFO5-5E 623.9 >40.0 <583.9 >31.0
LFO5-5F 619.4 >37.0 <582.4 >33.0
LFO5-5G 612.0 29.0 583.0 21.0

LFO5-5H 608.4 25.0 583.4 11.0

LFOS-01 619.3 25.0 594.3 6.9

LFO5-02 620.0 27.0 593.0 2.1

LFO5-03 620.6 27.4 593.2 12.2

LFO5-04 617.3 28.0 589.3 5.3

LFO5-05 616.1 26.0 590.1 6.0
LFOS-06 598.3 7.0 591.3 6.5
LFO5-07 598.0 5.8 592.2 4.0
LFO5-08 606.8 14.5 592.3 2.5
LFO5-09 604.9 14.0 590.9 10.5

3—8
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- - Not Determined

MSL - Mean Sea Level

3—9

Location
Ground Level
Elevation

Depth to
Bedrock

Elevation of
Bedrock

Sand and Gravel
Thickness

ID (Ft, MSL) (Ft) (Ft, MSL) (Ft)

LFO5-lO 623.9 36.0 587.9 12.0
LFO5-ll 597.6 10.0 587.6 3.0
LFO5-12 594.4 9.0 585.4 0.5
LFO5-13 605.0 17.0 588.0 7.7
LFO5-14 603.2 13.0 590.2 4.8
LFO5-l5 626.5 40.5 586.0 15.0
LFO5-l6 612.3 23.0 589.3 14.0
LFO5-17 606.5 16.5 590.0 12.0
LFO5-18 612.1 23.2 588.9 12.2
LFO5-19 606.3 20.5 585.8 17.7

WPO7-1OA 624.2 >39.0 <585.2 26.5
WPO7-lOB 621.1 33.0 588.1 27.0
WPO7-1OC 615.4 31.0 584.4 20.0
WPO7-lOD 623.3 >29.0 <594.3 >13.0
WPO7-1OE 622.5 >29.0 <593.5 >17.0
WPO7-lOF 621.5 >29.0 <592.5 >20.0

FTO8-llA 604.8 13.5 591.3 9.5
FTO8-llB 603.8 14.0 589.8 11.0

FTO9-12A 632.0 18.0 614.0 7.0
FTO9-12B 625.6 39.0 586.6 26.0
FTO9-l2C 625.5 31.0 594.5 15.0
FTO9-12D 624.8 >36.0 <588.8 >21.0
FTO9-l2E 624.5 39.0 585.5 26.0
FTO9-12G 629.2 -- -- -
FTO9-12H 629.1 25.0 604.1 6.0
FTO9-121 629.2 24.0 605.2 5.0
FTO9-12J 628.7 23.0 605.7 4.0
FTO9-12K 626.7 >25.0 <601.7 >5.0
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In the two Paluxy monitor wells (P-i and P-2) installed during the

initial Stage 2 effort, drilling progressed through the upper sand member to

the intervening shale unit. The upper sand member ranged from 30 to 35 feet

in thickness and consisted of varying amounts of sand, sandstone, clay, and

shale. The shale unit separating the upper and lower Paluxy "sands" was

encountered at approximately 105 feet, below land surface in both P-i and P-2.

3.3.4 Cretaceous Glen Rose Formation

Underlying the Paiuxy Sand is the Glen Rose Formation, which

represents the seaward facies of part of the Twin Mountains Formation, being

deposited simultaneously to the north. The Glen Rose was not penetrated

during drilling in the Flightline Area, but typically consists primarily of

calcareous sedimentary rocks (limestone) and some sands, clays, and anhydrite.

3.3.5 Cretaceous Twin Mountains Formation

The Twin Mountains Formation, with the Glen Rose Formation capping

it, is the oldest Cretaceous-age formation reported in the vicinity of

Carswell AFB. In ascending order, the Twin Mountains Formation is divided

into the Sycamore Sand Member, the Cow Creek Limestone Member, and the Hensell

Sand Member. The Twin Mountains Formation does not crop out in Tarrant

County. The Twin Mountains Formation consists of a basal conglomerate of

chert and quartz, grading upward into coarse- to fine-grained sand inter-

spersed with varicolored shale.

3.3.6 Flightline Area Cross-Sections

Following the recent drilling activities at the Flightline Area, six

geologic cross-sections were constructed, showing borehole lithologies (as

well as the static water levels in the Upper Zone measured on 18 June 1990).

A location map for the newly constructed cross-sections through the site is

provided in Figure 3-4.

3-il
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Two of the cross-sections (A-A' and B-B') are oriented roughly west-

east and the remaining four are oriented roughly north-south (C-C' through F-

F') through the site. All of the cross-sections intersect the relatively

thick sand and gravel sequence observed at the site (Figure 3-2).

Cross-section A-A' (Figure 3-5) depicts the subsurface from the

Landfill 3 (LFO3) area to the area just east of Landfills 4 (LFO4) and 5

(LFO5) and the Waste Burial Area (WPO7). An important feature in this cross-

section is the lack of sand and gravel in the borings completed in the

Landfill 3 area. There is a steep incline in the upper surface of the bedrock

(Goodland/Walnut Formations) between borings LFO3-3E and LFO5-15. Coincident

with the lower bedrock elevation in the vicinity of LFO5-l5 is the appearance

of relatively thick sands and gravels of the Upper Zone. This cross-section

is oriented through the thickest sands and gravels encountered in the Flight-

line Area (Figure 3-2). Boring locations from LFO5-l5 eastward all display a

fining-upwards sequence in the Upper Zone deposits, which is consistent with

alluvial deposition. The lower bedrock surface observed in the eastern half

of the cross-section is probably the result of stream erosion, as rounded

limestone and chert gravels (typical of channel lag deposits) rest directly on

the bedrock surface. These deposits are believed to coincide with the

location of a former channel (paleochannel) of what is now Farmers Branch.

In cross-section B-B' (Figure 3-6), another steep incline is

observed in the bedrock topography between monitor well locations FTO9-12A and

FTO9-12B. Paralleling the inclined bedrock surface is a steeply-dipping Upper

Zone water table. Fining-upwards sequences are seen in all borings included

in this cross-section, with gravels occurring on the eroded bedrock surface

east of FTO9-l2A.

Shown in Figure 3-7 is cross-section c-c'. Gravels only occur in

the middle area of the cross-section, with a relatively higher bedrock surface

occurring in the northern and southern reaches of the section. The steeply

inclined bedrock surface seen at location FTO9-12A (B-B') is also reflected

3-13
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on this cross-section at location LFO4-4A. Monitor well Vr09-12C occurs at

approximately the southern edge of the paleochannel deposits observed in the

Flightline Area.

Cross-section D-D' is shown on Figure 3-8. Again, a relatively

thick sequence of coarse-grained materials occurs through the middle portion

of the cross-section. Southward from boring LFO5-12, the coarse-grained Upper

Zone deposits thicken, with the thickest deposits occurring in the vicinity of

LFO4-4F. Monitor well LFO4-4F is the only location on this section where

gravels were found. Location LFO4-.4B, like LFO4-4A (C-C'), is located on a

relative high on the bedrock surface.

Geologic cross-section E-E' (Figure 3-9) shows the thickest sequence

of Upper Zone sands and gravels occurring in the vicinity of LFO4-4G. Monitor

well LFO4-4G occurs within the trend of the thickest Upper Zone sands and

gravels observed in the Flightlirie Area. The trend axis is situated approxi-

mately on White Settlement Road.

The easternmost cross-section through the Flightline Area, F-F'

(Figure 3-10), includes five newly installed ground-water monitor wells.

Although monitor well boring LFO4-l0 encountered the thickest sequence of

Upper Zone coarse-grained sediments, the potentiometric surface (derived from

water-level measurements taken on June 18, 1990) indicates ground-water flow

toward the location of LFO5-19, rather than parallel to the depositional

trend, as might be expected.

3.4 Hydrogeology

Five major hydrogeologic units exist beneath Carswell AFB. From

shallowest to deepest they are: 1) an Upper Zone of unconfined ground water

occurring within the alluvial terrace deposits associated with the Trinity

River; 2) an aquitard of predominantly dry limestone of the Goodland and

Walnut Formations; 3) an aquifer in the Paluxy Sand; 4) an aquitard of

relatively impermeable limestone in the Glen Rose Formation; and 5) a major

3-17
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aquifer in the sandstone of the Twin Mountains Formation. Only the first

three units were investigated in the Flightline Area during the IRP, with the

primary focus being on the Upper Zone. The Upper Zone was the only unit

studied in this most recent Stage 2 (1990) effort. Figure 3-11 shows the

general depth of occurrence and thickness of each of the major hydrogeologic

units expected in the Flightline Area. Descriptions and properties of the

hydrogeologic units are summarized in Table 3-2. The following subsections

present the hydrogeologic characteristics of each unit based on field data and

literature sources.

3.4.1 Upper Zone Aquifer

The Upper Zone ground water occurs within the alluvial deposits at

Carswell AFB. Low permeability is typical of this alluvium because of the

large amounts of clay and silt. However, there are zones of greater per-

meability in the sands and gravels of former channel deposits. Recharge to

the water-bearing deposits is local, from rainfall and infiltration from

stream channels and drainage ditches. The direction of ground-water flow is

generally controlled by the bedrock topography of the Walnut Formation.

3.4.1.1 Ground-Water Occurrence and Flow

Table 3-3 shows the results of the synoptic water-level survey

performed on 18 June 1990. Figure 3-12 is the resulting potentiometric

surface map of the Upper Zone Aquifer. Ground-water flow in the Upper Zone is

generally northeastward, toward Farmers Branch, a tributary to the West Fork

of the Trinity River.

From the outlet of Farmers Branch from the underground aqueduct

(which conveys the stream under the Flightline) the stream flows over bedrock

at the Goodland/Walnut Formation until it flows into the Trinity River on the

eastern boundary of Carswell AFB. The Upper zone ground-water flow through

the Flightilne Area, being generally northeastward, intercepts Farmers Branch

in the northern and northeastern portion of the Flightline Area site. The

3-21
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Hydrogeologic Units
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Figure 3-11. Generalized Hydrogeologic Units at Flightline Area,
Carswell AFB, Texas
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TABLE 3-3. RESULTS OF FLICHTLINE AREA UPPER ZONE SYNOPTIC WATER LEVEL
SURVEY CONDUCTED ON JUNE 18, 1990

LFO4-O1
LFO4-02
LFO4-03
LFO4-04
LFO4-1O
LFO4-4A
LFO4-4B
LFO4 -4C

LFO4-4D
LFO4-4E
LFO4-4F
LFO4-4C
LFO4-4H

LFO5-O1
LFO5-02
LFO5-14
LFO5 -18

LFO5-19
LFO5 - 5A
LFO5-5B
LFO5 - SC
LFO5 -5D
LFO5 - 5E
LFO5 - SF
LFO5-5G
LFO5-5H

FTO9-12A
vr09-12B
FTO9-12C
vr09-12D
FTO9-12E

FTO8-11A
FTO8-11B

WPO7-1OA
WPO7-1OB
WPO7-1OC

1553
1738
1735
1756
1801
1813
1818
1809
1749
1746
1731
1740
1752

1545
1549
1700
1834
1650
1618
1708
1627
1624
1615
1721
1714
1711

1557
1603
1601
1611
1606

1634
1630

1620
1728
1726

629.24
623.68
623.25
612.07
626.54
625.76
619.90
613.04
615.35
618.54
625.36
620.02
613.43

621.96
622.69
602.98
611.84
606.08
623.18
600.45
608.68
611.71
626.89
618.95
615.39
610.62

635.66
627.55
628.05
627.45
627.48

608.22
608.14

626.70
624.46
617.24

28.98
26.23
25.67
16.75
30.49
10.48
18 . 27
16.42
18.06
21.35
26.96
23.69
17.15

18.14
24.86
8.84

17.73
12.54
22 . 67
3.73
9.56
10.98
26.60
21.83
19.31
14.54

17.10
28.38
29.23
28.13
28.68

11.23
8.63

26.68
25.63
18.59

600.26
597.45
597.58
595.32
596.05
615.28
601.63
596.62
597.29
597.19
598.40
596.33
596.28

603.82
597.83
594.14
594.11
593.54
600.51
596.72
599.12
600.73
600.29
597.12
596.08
596.08

618.56
599.17
598.82
599.32
598.80

596.99
599.51

600.02
598.83
598.65

Staff Cage 1840 579.44
(1.0 ft mark on gage)

3—24

0.57

(water reading on gage)

579.01

64

Location
Measuring Point

Elevation
Depth to
Water

Water Level
Elevation

ID Time (Ft, MSL) (Ft) (Ft, MSL)
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Upper Zone sediments, which are up to 40 feet thick in areas west and south-

west of Farmers Branch, either thin to their eventual disappearance at the

stream or are exposed as sheer cliffs (cut-banks) near the stream. Field

reconnaissance revealed Upper Zone ground water seeping from the face of the

exposed banks.

The potentiometric surface map (Figure 3-12) includes water level

information from both the ground water and the surface water (surveyed at six

locations along Farmers Branch). Farmers Branch is shown to be a point of

discharge for ground water, as the Upper Zone hydraulic gradient is shown to

be toward the stream.

The area north of Farmers Branch in the Flightline Area has not been

investigated. However, visual observation has shown the area to be relatively

flat in the vicinity of the stream. Upper Zone deposits are probably thin in

this area. With Farmers Branch being a zone of ground-water discharge in the

Flightline Area, Upper Zone ground-water flow in the area north of Farmers

Branch would locally be toward the stream.

3.4.1.2 Hydraulic Characteristics of Upper Zone Aquifer

Slug tests were performed in twelve Flightline Area wells (April,

1988) and an aquifer pumping test was conducted (June, 1990) to determine the

hydraulic properties of the Upper Zone aquifer in the Flightline Area at

Carswell AFB. The following section presents a discussion of the characteris-

tics of the Upper Zone aquifer as determined from this testing. A more

thorough description of the aquifer pumping test procedures and analysis is

provided in Appendix F.

Slug Test Results

The ability of the Upper Zone alluvial deposits to transmit ground

water was initially characterized based on the results of single-well aquifer

tests (slug tests). These tests were performed as described in Section 2.2.5,

and analyzed according to the Bouwer and Rice (1976) method.
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The calculated hydraulic conductivity values ranged from 22.6 ft/day

(7.98 x io cm/sec) at well LFO4-4D to 1.2 ft/day (4.1 x i0 cm/sec) at well

LFO4-4A. The lowest calculated hydraulic conductivities were from wells known

to be located outside the main pattern of channel deposits observed in the

Flightline Area. The lowest calculated values were from test wells LFO4-4A

and F'rO-12A (Figure 3-12).

The main limitation on slug tests is that they are heavily dependent

on a high-quality well intake (screened interval). If well development is

inadequate, measured values may be highly inaccurate (decreased con-

ductivities); conversely, if development is very thorough, the measured values

may reflect the increased conductivities in the artificially induced gravel

pack around the screen. In any case, slug tests usually provide aquifer

parameter values that are fairly representative of a small volume of porous

media in the immediate vicinity of the well. Aquifer pumping tests, however,

usually provide measurements of aquifer parameters that are averaged over a

much larger aquifer volume.

Aquifer Pumping Test Results

The data obtained during the June, 1990 Upper Zone aquifer pumping

test were analyzed by several methods. Following field plotting of time-

drawdown and distance-drawdown measurements, hand plotted observation well

drawdown and pumping well recovery data were analyzed by the Cooper-Jacob

method. In addition, a computer aquifer analysis program was used. The well

hydraulics interpretation program used was WHIP', which can simulate and

analyze both drawdown and recovery tests.

The diagnostic procedures use semilog drawdown (Cooper-Jacob)

analyses and Theis recovery analyses to obtain preliminary estimates of the

transmissivity and storage coefficient. Theis curves are generated using

these values and are graphically compared to the observed data. Portions of

the generated curves can be "windowed" so only reliable data are used for the

generation of final transmissivity and storage coefficient values. The
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equations used in the Cooper-Jacob analysis of hand-plotted drawdown and

recovery data is provided in Appendix F.

In addition to standard semilog and loglog plots, the effects of

various time transformations on the data as well as first and second deriv-

atives of the drawdowns were performed. Observing the derivative drawdown

plots was useful for determining that portion of the test data displaying

Theis behavior. Additionally, the Dupuit correction for water table con-

ditions was applied to all computer analyses and the initial estimates of

transmissivities and storage coefficients were optimized using an ordinary

least squares fitting criterion. The Dupuit correction allows for the

minimization of the irregularities inherent in field data and applies a more

sophisticated mathematical approach to the calculation of transmissivities and

storage coefficients -

Three different computer generated plots and analyses were deter-

mined to best represent the Upper Zone aquifer hydraulic properties of

transxnissivity and storage coefficient. These were the observation well

(LFO4-02) drawdown and recovery analyses and the pumping well (LFO4-03)

recovery analysis.

Seven additional monitor wells were measured for response to the

pumping well during the test. These wells did not respond to pumping. Water

level measurements taken in these wells were plotted and are included in

Appendix F.

Table 3-4 shows the summarized results of the Flightline Area

aquifer pumping test analysis. Both the pumping well (LFO4-03) and the obser-

vation well (LFO4-02) are completed in the generally west to east trend of

relatively thick sands and gravels observed in the Flightline Area, and both

wells are screened across the entire saturated thickness of the Upper Zone

aquifer. The calculated hydraulic conductivity and transmissivity values fall

within the range for clean sands and gravels (Freeze and Cherry, 1979) which
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is consistent with the lithology for the Upper Zone aquifer. The storage

coefficient value calculated also falls within the range for clean, unconfined

aquifers.

The hydraulic conductivity calculated from the pumping test analysis

was significantly higher than that determined from prior slug testing. Based

on the limitations of the slug testing discussed earlier, the aquifer pumping

test results are more representative of the Upper Zone Aquifer characteris-

tics.

3.4.2 Goodland/Walnut Aguitard

The ground water present in the alluvium is separated from the

aquifers below by the low permeability liinestones and shales of the Coodland

Limestone and Walnut Formation. The aquitard is composed of moist clay and

shale layers interbedded with dry limestone beds. Though the Formations are

primarily dry, drillers in the area report that small amounts of water enter

the borehole while drilling through the Walnut Formation, suggesting that

ground water may be moving through the Walnut Formation along bedding planes

(Hargis and Associates, 1985). The thickness of the Goodland/Walnut aquitard

is approximately 30-40 feet beneath the Flightline Area at Carswell AFB. This

thickness is based on two monitor wells drilled through the aquitard and

completed in the Paluxy Aquifer during the initial Stage 2 study (Radian,

1989). However, the top of the aquitard is an erosional surface and erosion

may have reduced the thickness of the limestone or eroded it entirely in

isolated areas, (e.g., at AF Plant 4 beneath Building 189 along Grants Lane,

the Goodland Limestone is completely absent and only three feet of the Walnut

Formation are present (Hargis and Associates, 1985)).

3.4.3 Paluxy Aquifer

The Paluxy Aquifer, the areal extent of which is shown in Figure 3-

13, is the shallowest bedrock aquifer underlying Carswell AFB. In the

Carswell AFB area, water in the uppermost part of the Paluxy Formation would
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naturally occur under confined conditions beneath the Goodiand/Walnut aquitard

(except where the aquitard has eroded away, as discussed above). However,

extensive ground-water pumping in the Fort Worth area, including the City of

White Settlement, has lowered the Paluxy Aquifer potentiometric surface below

the top of the formation, resulting in unconfined conditions beneath the base.

Water-level measurements taken in the Flightline Area Paluxy wells (P-i and

P-2), found the water level to be about five feet below the top of the for-

mation, or about 75 feet below land surface. With the Paluxy Formation having

an upper and lower sand member, and the lower member having larger grain size

and higher permeability, most water wells are completed in the lower section

of the Paluxy Aquifer.

Recharge to the Paluxy Aquifer occurs where the formation crops out

west of Carswell AFB in the AF Plant 4 area. The Paluxy Formation also crops

out north of the base in the bed of Lake Worth. The lake is a major recharge

point for the aquifer and creates a potentiometric high in its vicinity.

Regional ground-water flow within the Paluxy Aquifer is southeastward in the

direction of the regional dip. At Carswell AFB, ground-water flow is in-

fluenced by recharge from Lake Worth, which creates a potentiometric high, and

by ground-water withdrawals by the community of White Settlement. This

drawdown results locally in a more southerly flow direction within the Paluxy

Aquifer.

Transmissivities in the Paluxy Aquifer range from 1,263 to 13,808

gallons per day per foot (gpd/ft), and average 3,700 gpd/ft (CH2M Hill, 1984).

The Paluxy Formation thickness ranges from 140 to 190 feet, averaging 160 feet

in Tarrant County. The actual water-bearing thickness in the Carswell AFB

area probably approximates the formation thickness, but the aquifer is

separated into two distinct water-bearing zones, denoted as the upper and

middle/lower Paluxy. In some cases, the middle and lower Paluxy are also

separated by low-permeability layers. The Paluxy dips uniformly at a rate

ranging from 35 to 40 feet per mile and averaging 37 feet per mile. It is

encountered at increasing depths eastward, reaching a maximum depth of about

900 feet. During the Phase II Stage 1 Flightline Area investigation (Radian,

1986), short-term aquifer tests (pumping and recovery) were conducted in the
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Paluxy Aquifer monitor wells P-i and P-2. Recovery test data analysis

indicates the transmissivity of the upper Paluxy is approximately 1750 gallons

per day per foot (235 square feet per day).

3.4.4 Glen Rose Aguitard

Below the Paluxy Aquifer are the fine-grained limestone, shale,

marl, and sandstone beds of the Glen Rose Formation. The thickness of the

formation in the vicinity of Carswell AFB reportedly ranges from 250 to 450

feet. Although the sands in the Glen Rose Formation yield small amounts of

water to wells in Fort Worth and western Tarrant County, the relatively

impermeable limestone is an aquitard restricting water movement between the

Paluxy Aquifer above and the Twin Mountains aquifer below.

3.4.5 Twin Mountains Aquifer

The Twin Mountains Formation is, geologically, the oldest formation

used for water supply in the Carsweil AFB area. The formation occurs ap-

proximately 600 feet below Carswell AFB. The thickness of the formation

ranges from 250 to 430 feet.

Recharge to the Twin Mountains Aquifer occurs west of Carswell AFB,

where the formation crops out. Ground-water movement is eastward in the

downdip direction. Like the ground water in the Paluxy Aquifer, Twin

Mountains ground water occurs under water-table conditions in the recharge

area and becomes confined as it moves downdip. Transrnissivities in the Twin

Mountains Aquifer range from 1,950 to 29,700 gpd/ft and average 8,450 gpd/ft

in Tarrant County. Hydraulic conductivities range from 8 to 165 gpd/ft2 and

average 68 gpd/ft2 in Tarrant County (CH2M Hill, 1984).
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4.0 NATURE AND EXTENT OF CONTAMINATION

The Carswell AFB IRP Phase II Stage 1 investigation (1984-85)

detected concentrations of TCE and other halogenated hydrocarbons in the Upper

Zone ground water in the vicinity of the flightline. In addition, con-

centrations of several metals exceeded federal drinking water standards in the

ground water. During Stage 2 (1987-88), additional work was done to define

the extent of the known contaminants present in the Flightline Area.

The primary objective of the addition (Modification 0004) to the

original Stage 2 Statement of Work was to further characterize the nature and

extent of various contaminants in the Upper Zone ground water beneath the

Flightline Area. Specifically, the goal was to define the eastern and western

boundaries of the known TCE plume under the Flightline Area, and to collect

additional data such that a remedial action could be designed and implemented.

In addition, an attempt to determine more conclusively the limits of the known

inorganic contamination in the various Flightline Area sites was undertaken.

4.1 Summary of QA/OC

Carswell AFB ground water and surface water may be characterized by

the primary data set generated from samples collected during April and May

1990. QA/QC results indicate this primary data set was generated under

controlled analytical conditions. However, chemical concentrations should be

qualified during site interpretation to incorporate uncertainty in terms of

both measurement error and envirorunental variability. Qualifications to the

data include:

Laboratory blanks indicate a potential for false-positive

results due to laboratory contamination for the following

analytes. Maximum concentrations found in laboratory blanks

are presented with specific analytes.

EPA 601 - tetrachloroethene 0.17 g/L,

trichloroethene 1.3 g/L,

EPA 325.3 - chloride 1.5 mg/L,
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SW6O1O - aluminum 0.53 mg/L,

beryllium 0.0023 Ing/L,

copper 0.053 mg/L,

nickel 0.021 mg/L,

silver 0.051 mg/L,

strontium 0.0047 mg/L,

vanadium 0.025 mg/L,

zinc 0.044 mg/L,

EPA 365.2 orthophosphate 0.012 mg/L,

SW7421 lead 0.0099 mg/L.

Field blanks indicated a potential for false-positive results

due to field contamination. Generally, field blanks contained

very low level concentrations for common organics and inor-

ganics. Natural sample results near laboratory and field

blank concentrations may be considered false-positive results

due to incomplete decontamination of sampling equipment or

air-borne contamination.

• Variability due to environmental sources and measurement

imprecision may be greater than expected for specific

analytes. For instance, ICAP interference check samples

indicated an interference for iron that caused 25% variability

for check samples. Generally, measurement imprecision is

greatest for results near the detection limit. As expected,

relative variability (i.e., coefficient of variation (CV))

increases near detection limits even though absolute variab-

ility is very small.

The results of the recent ground-water sampling effort are dis-

cussed in the following subsections.
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4.2 Results of Ground-Water and Surface Water Analyses

Ground-water samples from thirty-five wells were collected during

April and May 1990 for laboratory analysis. Seven surface water samples were

also collected. Since contamination was previously found to exist only in

those wells screened in the Upper Zone Aquifer, all ground-water samples were

collected from Upper Zone monitor wells. Figure 4-1 depicts the locations of

all of the most recent water sampling sites at the Flightline Area. Each

sample was submitted to Radian's laboratories for analysis of the organic and

inorganic constituents listed in Table 4-1. Both organic and inorganic con-

stituents exceeding EPA drinking water standards (Maximum Contaminant Levels,

or MCLs) had been detected in the Flightline Area in past sampling efforts.

An Informal Technical Information Report (ITIR) with analytical summary

tables, QA/QC data, sample cross-reference tables and chain-of-custody forms

for the recent ground-water investigation at the Flightline Area was provided

to the U. S. Air Force HSD IRP Program Office in September 1990 (Radian

1990d). Following is a brief summary of the quality assurance/quality control

(QA/QC) results for most recent Carswell AFB ground-water sampling.

4.2.1 Ground-Water Contamination

As indicated in previous Flightline Area sampling efforts, TCE was

the principal contaminant detected which exceeded EPA primary standards. The

only other organic constituent found to exceed federal standards was vinyl

chloride. Two organic compounds were detected in ground water with con-

centrations exceeding EPAs proposed MCLs; these included tetrachloroethene and

cis-l ,2-dichloroethene.

Four inorganic compounds exceeded federal primary drinking water

standards in the most recent water sampling. Chromium was found in excess of

the respective MCL in three monitor wells. Lead, arsenic and mercury were

found in concentrations exceeding the respective MCLs in one well each.
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TABLE 4-1. SUMMARY LISTING OF ORGANIC AND INORGANIC ANALYTES,
FLIGHTLINE AREA, CARSWELL AFB, TEXAS
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Organic Parameters

Inorganic Parameters

Metals Non-Metals

1,1, 1-Trichioroethane Aluminum Chloride

1,1,2, 2-Tetrachioroethane Antimony Fluoride

1,1,2-Trichioroethane Arsenic Nitrate as N

1, 1-Dichioroethane Barium Orthophosphate
1, l-Dichloroethene Beryllium Sulfate

l,2-Dichiorobenzene Boron Total Dissolved

1,2-Dichioroethane Cadmium Solids

1, 2-Dichloropropane Calcium
1, 3-Dichlorobenzene Chromium
1, 4-Dichlorobenzene Cobalt

2-Chioroethylvinyl ether Copper
Bromodichloromethane Iron
Bromoforin Lead
Bromomethane Magnesium
Carbon tetrachloride Manganese
Chiorobenzene Mercury
Chloroethane Molybdenum
Chloroform Nickel
Chioromethane Potassium
Dibromochloromethane Selenium

Methylene chloride Silicon
Tetrachioroethene Silver
Trichloroethene Sodium
Trichiorofluoromethane Strontium

Vinyl chloride Thallium
cis-l , 2-Dichloroethene Vanadium

cis-l, 3-Dichioropropene Zinc

trans-i, 2-Dichioroethene
trans -1 , 3-Dichioropropene
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Contamination detected in the ground water of the Flightline Area

is limited to the Upper Zone Aquifer. The low permeability limestone of the

underlying Goodland/Walnut aquitard underlies the Upper Zone Aquifer. No

Flightline Area monitor wells are completed in the aquitard as past drilling

in the Goodland and Walnut Formations has shown the formations to be non-water

bearing. Ground-water samples from the Paluxy Aquifer, which underlies the

Goodland/Walnut aquitard in the Flightline Area, have had no detections of

contaminants. Therefore, the vertical extent of organic compound con-

tamination in the Flightline Area corresponds to the upper surface of the

Goodland/Walnut aquitard.

A detailed discussion of the pertinent organic and inorganic

constituents and ground-water quality indicators follows.

4.2.1.1 Organic Ground-Water Contaminants

Table 4-2 summarizes the findings of the laboratory analyses for

organic constituents in Flightline Area monitor wells, with respect to primary

drinking water standards (MCLs). TCE exceeded the MCL in 27 of the 35 wells

sampled. Vinyl chloride exceeded the MCL in seven wells.

Tetrachioroethene (PCE) was detected in a total of six wells, and

exceeded the proposed MCL in three wells. The proposed MCL for cis-l,2-

dichioroethene was exceeded in samples from 23 of the monitor wells in the

Flightline Area. This compound was detected in 30 of 35 wells in the Flight-

line Area. Trans-l,2-dichloroethene, another isomer of dichloroethene, was

also detected frequently in the Flightline Area, but at significantly lower

concentrations than the cis- isomer. The proposed MCL (100 g/L) for the

trans- isomer was never exceeded by Flightline Area water samples.

Following is a more detailed discussion of organic constituents

detected in the ground water of the Flightline Area.
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Trichloroethene

Figure 4-2 depicts an isoconcentration contour map of the trichlo-

roethene (TCE) plume as it was detected in the Spring, 1990 sampling effort in

the Flightline Area. The concentration of TCE in the ground water was

reported at niaxjmuni levels in monitor wells LFO4-4G and LFO4-02, with detected

values of 4400 and 4000 micrograms per liter (jig/L), respectively. The

defined TCE plume has an aerial extent of approximately 50 acres, with most of

the contamination underlying the base golf course. The limits of the plume

are fairly well defined laterally, but not in the upgradient and downgradient

directions (the extreme eastern and western portions of the Flightline Area).

In the west, a concentration of 2700 iig/L was detected in monitor well LFO5-

01, with no accompanying upgradient well analyses to allow for contaminant

concentration contouring in the western direction. Detected concentrations of

1200 and 1300 pg/L TCE in monitor well LFO5-5A and LFOS-5E, located hydraulic-

ally upgradient of Landfill 5 but with no near upgradient wells, prevents

definition of the TCE plume along that upgradient edge. The ground-water flow

direction (Figure 3-12) in the vicinity of monitor well LFO5-0l is away from

wells LFO5-5A and LFO5-5E, suggesting that contaminant plume migration

deviates somewhat from the general ground-water flow pattern. Therefore, the

contamination observed in monitor well LFO5-0l could be continuous with that

detected in LFO5-5A and LFO5-5E, but insufficient data from the intervening

area make such a correlation speculative. Evidence of "black staining" at

39.5 feet in the log of borehole LFO5-lS, located between wells LFO5-Ol and

LFO5-5E, may be evidence of the TCE contamination being continuous between the

wells. The TCE plume appears to intersect Farmers Branch (Figure 4-2) in the

northeastern portion of the Flightline Area.

Figure 4-3 is a thickness map of the sand and gravel deposits in

the Flightline Area. The thick sand and gravel sequences evident on a east-

west linear trend through the Flightline Area are thought to represent a

paleochannel, which is the depositional remains of a former stream channel.

Past reports have suggested that, due to the greater density of TCE with

respect to water, coupled with the increase in available porosity and per-

meability, the contamination will tend to migrate preferentially along

4-8
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paleochannels filled with basal sands and gravels. When compared to the

isoconcentration map of the TCE plume (Figure 4-2) this preferential migration

is clearly evident, as the configuration of the plume and the zone of maximum

concentrations closely resembles the location and configuration of the

thickest Upper Zone sand and gravel sequences. Also of importance is the

pattern of the relatively thick sand and gravels on the western side of the

Flightline Area sites. Although data are sparse in the northwestern portion

of Figure 4-3, it appears the thicker sands and gravels might trend westward

on a line just south of LFO5-Ol. The bedrock surface (Figure 3-3) is also

relatively low in the vicinity of LFO5-Ol. Both of these situations make the

likelihood greater that contamination detected in monitor well LFO5-0l is

continuous with that in wells LFO5-5A and LFO5-5E.

The center of the TCE plume appears to be bimodal and is located

hydraulically downgradient from Landfill 4, with TCE concentrations above 3000

zg/L covering an area of approximately 6.5 acres. The apex of the TCE plume

does appear to have shifted since the last ground-water sampling effort, which

took place in April 1988. Figure 4-4 represents an isoconcentration contour

map of the results of the April, 1988 ground-water sampling. By comparing the

plume shape and concentration distribution shown on the April, 1988 isoconcen-

tration map with that on the Spring, 1990 map, the plume appears to have

migrated in an easterly, hydraulically downgradient direction. In addition,

the maximum concentration observed between the two sampling efforts has

decreased, from 6400 Mg/L in April 1988 to 4400 pg/L in the most recent

analysis. The potential significance of this decrease with respect to the

fate and transport of the contaminants in the ground water will be discussed

in Section 5 of this report. While the migration and degradation of the plume

is consistent with the physiologic and hydrogeologic setting of the Flightline

Area and the nature of the contaminant, some degree of analytical variability

is inherent between any two laboratory analyses occurring over time. Con-

tinued monitoring of the wells in the Flightline Area will be necessary to

confirm apparent trends in contaminant migration.

Multiple sources have been postulated for the organic contamination

found in the subsurface in the Flightline Area. The disposal methods and

4-11
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types of waste material believed to be present at Landfills 4 and 5 (LFO4 and

LFO5) and the Waste Burial Area (WPO7) are consistent with the types and

amounts of contamination observed in downgradient wells. In addition, it is

reasonable to assume that infiltration of some residual flammable solvents

associated with the fire training activities at Site FTO9 has occurred.

Repeated evidence of TCE contamination in monitor wells located hydraulically

upgradient of these sites indicates the existence of additional upgradient

source(s). In the 1990 sampling, TCE concentrations of 1300 pg/L and 1200

pg/L were detected in monitor wells LFO5-5E and LFO5-5A, respectively, located

upgradient to Landfill 5.

Air Force Plant 4 has been identified in past reports (Radian,

1986; Radian, 1989) as the probable upgradient source, but limited well

control and lack of contemporaneous analytical data from the western and

northwestern Flightline Area preclude this interpretation. A TCE concentra-

tion of 2700 g/L in monitor well LFO5-Ol, in the extreme northwestern portion

of the Flightline Area (Figure 4-2) supports the existence of a significant

source to the northwest. Further evidence is provided by the contamination

detected around Site FTO8. Monitor well FTO8-11B was found to contain 35 pg/L

TCE. While this well is downgradient to the site, no contamination was

detected in previous sampling efforts, and the site is not considered a

contributor to the main TCE plume.

Contamination in the subsurface associated with Site FTO9 was not

considered associated with the primary TCE plume in the RI/FS Stage 2 report.

Evidence cited included the absence of ground water in boreholes beneath the

site and ground-water contamination being limited to monitor wells which

potentially receive runoff from the site. During the most recent inves-

tigation, TCE contamination was detected in each of the three wells at the

site, suggest that, whatever the actual source, the contamination can be

logically addressed along with the principal TCE plume for the purpose of this

report. As with the other Flightline Area sites, the contamination may have

resulted from activities conducted at the site, or may be from an upgradient

source.

4-13
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Although there is significant evidence for one or more upgradient,

non-Flightline Area source of TCE contaminations in the shallow ground water,

the increased TCE concentrations detected in the ground water as it moves

through the Flightline Area suggest wastes previously disposed of in the

landfills and waste burial area are point sources contributing to the overall

contaminant plume.

Vinyl Chloride

Vinyl chloride was the second most dominant contaminant in the

Flightline Area, exceeding the MCLs in seven wells. Figure 4-5 illustrates an

isoconcentration map of the vinyl chloride concentrations in the Flightline

Area. Unlike the TCE plume, the vinyl chloride plume appears to be composed

of several smaller zones of contamination, with the principal area being

associated with Landfill 5.

Each of the wells in the main plume in which the vinyl chloride was

detected is immediately hydraulically downgradient of Site LFO5. The maximum

concentration of vinyl chloride detected in the Flightline Area was 170 pg/L

in monitor veil LFO5-SC. This well constitutes the apex of the main plume.

Lesser amounts were detected in LFO5-5B and WPO7-1OC, with 160 g/L and 49

jg/L, respectively. Vinyl chloride was also detected in this area in the

April, 1988 ground-water sampling effort. None of the sampled monitor wells

located hydraulically upgradient of Site LFO5 contained vinyl chloride,

suggesting Site LFO5 is the source of the main Flightline Area vinyl chloride

plume.

Four additional wells contained vinyl chloride above the EPA MCL.

Well LFO4-4C contained vinyl chloride at 13 pg/L, which is a higher con-

centration than was detected in the April 1988 sampling, in which 3.8 pg/L was

detected. This is the only well downgradient from Site LFO4 in which vinyl

chloride has been detected. Vinyl chloride was also detected in LFO5-Ol (100

pg/L), again suggesting a contaminant source upgradient from the Flightline

Area. Since vinyl chloride may be a primary contaminant or one of the

4-14
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daughter products of TCE and multiple sources have been postulated for the

contaminants present in the Flightline Area, it is difficult to pinpoint the

exact source(s) of the vinyl chloride present in any individual well. The

chemical inter-relationship between vinyl chloride, TCE and the other organic

contaminants detected in the Flightline Area is discussed in Section 5.

Tetrachioroethene

The presence of tetrachloroethene (PCE) was confirmed in six

monitor wells in the Flightline Area. The EPA PMCL of 5.0 pg/L was exceeded

in three of these six wells. Due to the limited number of PCE detections in

the Flightline Area ground water, an isoconcentration map was not prepared.

Table 4-3 provides the laboratory results showing levels of PCE detected in

each of the six monitor wells.

Two of the three wells found to exceed the PMCL for PCE were at

Site FTO9 (FTO9-12B and FTO9-l2C). Monitor well FT09-12B had the highest

confirmed level of PCE at 30 pg/L. PCE was not detected at this site during

the April, 1988 sampling event. However, because PCE can be a precursor of

TCE, the PCE contamination detected in the Flightline Area is probably related

to the TCE and will be discussed in conjunction with the TCE plume in this

report.

Total-l 2-Dichloroethene

The presence of cis-l,2-dichloroethene (cis-l,2-DCE) was confirmed

in thirty monitor wells in the Flightline Area, with concentrations ranging

from 0.37 ig/L to 730 pg/L. Trans-l,2-dichloroethene (trans-1,2-DCE) was

confirmed in six wells, with concentrations ranging from 0.72 to 44.0 pg/L.

Trans-l,2-DCE was detected only in wells in which cis-l,2-DCE was also

detected. Because trans-l,2-DCE and cis-l,2--DCE are isomers, they will be

considered together as part of the total-l,2-DCE plume.
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TABLE 4-3. SUMMARY OF GROUND-WATER SAMPLES WITH CONFIRMED CONCENTRATIONS
OF TETRACHLOROETHENE, SPRING 1990, CARSWELL AFB, TEXAS

Well Number Tetrachioroethene Concentration (pg/L)

LFO4-4C 3.1

LFO5-02 0.55

LFO5-19 17.0

FTO9-12B 30.0

FTO9-12C 8.1

FTO9-12E 0.82
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Figure 4-6 illustrates an isoconcentration contour map for l,2-DCE

in the Flightline Area. As in the case of the TCE isoconcentration contour

map, the apex of the plume is bimodal. The two l,2-DCE nodes are located

hydraulically downgradient of LFO4 and LFO5, respectively, and each is of the

same relative magnitude of concentration. Further similarity to the TCE plume

includes a lack of definition in the eastern and western margins of the plume.

Monitor well LFO5-0l, in the extreme northwest portion of the Flightline Area,

had a detected level of 1,2-DCE of 240 pg/L. This level of contamination,

coupled with multiple confirmed detections of l,2-DCE in wells immediately

upgradient from sites LFO4 and LFO5, strongly support the presence of an

upgradient contamination source. A confirmed detection of 540 pg/L of l,2-DCE

in monitor well LFO4-04, in the southeastern portion of the Flightline Area,

again makes it impossible to enclose contaminant contours in that area with

confidence.

Other Organic Contaminants

Several other purgeable halocarbons were detected in the ground

water in the Flightline Area (Table 4-2). These include the detection of

1,1,1-trichioroethane, l,l-dichloroethane, l,l-dichloroethene, 1,4 dichloro-

benzene, chlorobenzene, chioroethane, and methylene chloride. None of these

compounds were detected in levels exceeding current EPA standards.

4.2.1.2 Inorganic Ground-Water Constituents

Four inorganic constituents, arsenic, mercury, chromium and lead,

identified in the shallow Flightline Area ground water exceeded MCLs in

unfiltered samples. However, based on the nature of the metal occurrences,

they are not considered indicative of a ground-water contaminant problem at

the site. Following is a discussion of inorganic contaminants detected in the

shallow ground water of the Flightline Area.
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4.2.1.3 Metals

Total arsenic and mercury were each detected above MCL values in

unfiltered samples from single monitor wells in the Flightline Area. Table 4-

4 shows the metals detected above MCLs. Total arsenic (MCL 0.05 mg/L)

narrowly exceeded the limit (by 0.003 mg/L) in the well in which it was

detected (LFO5-02). Total mercury exceeded the MCL by 0.0042 mg/L in FTO9-

l2D. Total Arsenic was detected in concentrations above the MCL in eight

monitor wells in the Flightline Area during the April 1988 sampling, but

mercury was not detected.

Total lead was found to exceed the MCL of 0.05 xng/L in two monitor

wells in the Spring 1990 sampling effort, as compared with total concentra-

tions above the MCL in eight wells in the April 1988 sampling. Total chromium

exceeded the MCL of 0.05 mg/L in three wells in the Spring 1990 sampling, as

compared with twelve in 1988. No two total metals concentrations were found

above established MCLs in the same well. The total lead contamination

detected in monitor wells LFO5-0l and LFO5-l4 exceeded federal standards by a

maximum of 0.021 mg/L. Total chromium was detected at a maximum of 0.15 mg/L

above federal standards in monitor well FTO8-11A.

Figure 4-7 depicts the locations of the seven wells in which MCLs

for total metals were exceeded. The random distribution of the contaminants

makes delineation of a specific source difficult. Multiple man-made, as well

as natural sources are possible for the detected metal concentrations. In

general, the metal concentrations detected in Flightline Area wells were less

than those reported from previous sampling events. Metals such as cadmium and

barium, detected in several wells at total concentrations exceeding MCLs in

the April 1988 sampling event, were not detected at levels above MCLs in any

wells in the Spring 1990 sampling effort.

As stated above, no two metals were detected in excess of MCLS in

the same well. In addition, in each case where a MCL was exceeded, the

reported concentration was for total rather than dissolved metal. Total metal
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analyses are performed on unfiltered samples and as such may yield artificial-

ly elevated metal results, because fine suspended material in the unfiltered

sample can break down during sample acidification releasing additional metals

ions into the fluid medium. The dissolved metals analyses, performed on

field-filtered samples, are considered more representative of the actual

ground-water chemistry. In light of this, there is little evidence to support

the existence of metal contamination in the Flightline Area at this time. In

addition, the fact that a dissolved metal analysis was not performed during

earlier sampling efforts, suggests that the previous data on metal contamina-

tion in the Flightline Area are inconclusive.

4.2.1.4 Ground-Water Quality Indicators

Analysis of numerous anions and cations was performed on samples

from each monitor well in the Flightline Area to aid in the determination of

ground-water quality. These included:

• Calcium;

• Magnesium;

• Potassium;

• Sodium;

• Chloride; and

• Sulfate.

In addition, total dissolved solids (TDS) were analyzed. Table 4-5 lists the

averaged concentrations for each analyte by site (in the Flightline Area), as

well as the overall average for the entire Flightline Area, weighted by site.

Also, a range of concentrations for each analyte (except potassium) is

provided which is considered 'typical' for Tarrant County. Concentrations for

each analyte are in milligrams per liter.

At each site, calcium concentrations are elevated above the 'typ-

ical' range. In contrast, sodium concentrations fall uniformly below the

4-23
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given range. This is considered normal in ground water moving through lime-

rich soils, such as those in the Flightline Area. All other ground-water

quality indicator concentrations fall within the given range except the

average chloride concentration in site FF09, which falls slightly below

normal. Of significance is that a pronounced uniformity is evident between

each of the sites in the Flightline Area, strongly suggesting an overall

aquifer continuity, and further implying that the contaminants in the subsur-

face beneath each site are likely a part of the same contiguous plume.

4.2.2 Surface Water

Seven surface water samples were collected from the locations shown

in Figure 4-8. Samples were collected from four locations along Farmers

Branch, one from the unnamed tributary to Farmers Branch, and one each from

the two small ponds near the golf course maintenance headquarters. Surface

water sampling sites were selected both to characterize the nature and extent

of surface water contamination and to determine the relationship, if any,

between surface water and ground water contamination. Surface water samples

were also collected during the Phase II Stage 1 investigation (Radian, 1986).

4.2.2.1 Organic Contaminants

Table 4-6 summarizes the Spring, 1990 analytical results of organic

constituents in surface water samples, with comparison to federal drinking

water standards. Trichioroethene (TCE) was confirmed in all surface water

samples, with federal MCLs being exceeded at five locations. Confirmed

concentrations ranged from 1.8 ig/L at LFO5-S3 to 1400 tg/L at LFO5-S7. The

elevated concentration at site LFO5-S7 strongly suggests communication between

the ground water and surface water at that location, as the concentration

detected falls within the TCE isoconcentration contours generated for the

ground-water analysis (Figure 4-2). Lower concentrations of TCE in samples

collected from the upstream portion of Farmers Branch appear to be the result

of an upgradient contaminant source. This is particularly evident at surface

water sample location LFOS-Sl, which is located where the underground aqueduct

emerges following transporting Farmers Branch water under the runway area of
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Carswell AFB. Surface water at this location has yet to be influenced by any
Carswell AFB waste sites, as it is transported through a concrete conduit from

the vicinity of Air Force Plant 4. Any contamination in a sample from this

location is due to upgradient sources in the direction of Air Force Plant 4

further upstream. Surface water sampled at this location contained a TCE con-

centration of 39 pg/L, which is above the MCL of 5 ig/L.

TCE was also confirmed in the Phase II Stage 1 investigation. Two

rounds of samples were collected, with TCE being detected upgradient of Site

LFO4 in both rounds and immediately downgradient from Site LFO5 in the second

round. No detected levels of TCE exceeded the MCL. No relationship was es-

tablished between surface water and ground-water TCE concentrations during the

Stage 1 study.

Vinyl chloride was the only other volatile organic compound detec-

ted in the surface water samples in excess of current MCLs during this

investigation. Vinyl chloride was detected in two samples from the golf

course ponds (LFO5-S3 and LFO5-S4). The MCL for vinyl chloride was exceeded

in LFO5-S3 where a concentration of 3.7 pg/L was detected. Vinyl chloride was

detected at the two locations where the lowest levels of TCE was detected,

possibly suggesting a parent/daughter relationship. Vinyl chloride was also

detected in Stage 1 surface water samples.

The other volatile organic constituents confirmed at the surface

water locations during the Spring 1990 sampling event were cis- and trans-l,2-

dichloroethene (-DCE), which have proposed MCLS. As in the case of the

ground-water samples, the cis-l,2-DCE isomer was more prevalent than the

trans-l,2-DCE isomer in surface water samples, with the cis- isomer occurring

at each of the seven sample locations. Concentrations of cis-l,2-DCE ranged

from 3.1 jig/L to 310 pg/L. Trans-l,2-DCE was confirmed in samples from two

surface water locations, LFO5-S2 and LFO5-S3, with concentrations of 0.46 pg/L

and 0.66 pg/L, respectively. As in the case of ground water, a relationship

appears to exist between TCE and cis-l,2-DCE concentrations and the occurrence

of each. Surface water sample LFO5-S7 had the highest confirmed concentra-

tions of both TCE and cis-l,2-DCE. The total-l,2-DCE concentration detected
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at this sample location also falls within the total-l,2-DCE isoconcentration

contours generated for the ground-water analysis (Figure 4-6).

4.2.2.2 Inorganic Constituents

No metals were detected in any surface water samples in excess of

MCLs. Barium was detected at each location, and lead was being detected at

all locations except LFO5-S4 and LFO5-S7. Arsenic was detected at LFO5-S3.

These concentrations are not considered significant, since the metals were

commonly detected in levels below MCLs in the ground-water samples, and metals

are naturally occurring constituents.

Water quality indicators were analyzed in the surface water

samples. This was done both to assess the surface water quality and to

attempt to clarify surface water/ground-water relationships. Indicators

analyzed included:

• Total Dissolved Solids;

• Calcium;

• Magnesium;

• Potassium;

• Sodium;

• Chloride; and

• Sulfate.

Table 4-7 provides the averaged results for each of the water quality in-

dicators for the surface water samples, as well as a range of concentrations

for each analyte (except potassium) which are considered typical' for Tarrant

County. In addition, the weighted averaged results for the same indicators

are provided for the ground-water samples collected in the Flightline Area.

Only sodium occurs outside the range provided for the indicators

analyzed, being considerably below what would be considered a normal'

concentration. This was also the case in the ground-water samples. The
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similarity between the averaged surface water results and the averaged ground-

water results strongly supports the interrelationship of the two water

systems. This interrelationship has previously been discussed, and data

generated at the site shows the unnamed tributary to Farmers Branch to be an

influent stream in the Flightline Area. Only calcium differs slightly, with

an averaged concentration in the ground water of approximately 45 mg/L greater

than that of the surface water. This phenomenon is probably due to minor

differences in the alkalinity of the two systems.

4.3 Summary of Findings

The main findings of the Flightline Area investigation with respect

to the nature and extent of ground-water contamination are:

Concentrations of TCE and vinyl chloride exceed MCLs in Upper

Zone monitor wells in the Flightline Area.

Multiple sources, including Sites LFO4, LFO5, WP07, FTO9, and

Air Force Plant 4, have been postulated for the various or-

ganic contaminant plumes which occur in the Flightline Area.

Some downgradient migration of the plume apex and a decrease

in total TCE concentration may have occurred since the monitor

well network was previously sampled in 1988. However, con-

tinued monitoring is necessary to verify this possible trend,

which could also be related by variability inherent in field

and laboratory procedures or seasonal conditions.

The extreme western limit of the Flightline Area TCE plume is

as yet still undefined, but high levels of TCE and other

contaminants detected in wells far upgradient of any known

source areas or Carswell AFE strongly support the existence of

additional upgradient source(s), potentially associated with

documented TCE contamination in Upper Zone ground water

beneath Air Force Plant 4.
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• The extreme eastern (downgradient) limit of the TCE plume in

the Upper Zone is also undefined.

• The vertical extent of contamination in the Flightline Area

appears to correspond to the upper surface of the underlying

Goodland/Walnut aquitard based on limited analytical results.

Previous sampling of the two Paluxy Aquifer monitor wells did

not detect any contamination.

• It is unlikely that any significant metals contamination

exists in the Upper Zone Aquifer of the Flightline Area, as rio

dissolved metals concentrations exceeded MCLs.

• Both TCE and vinyl chloride were detected in excess of MCLs in

surface water samples.

• Based upon the similarity between ground-water and surface

water TCE concentrations, the unnamed tributary to Farmers

Branch appears to be a zone of ground-water discharge.

• A pronounced similarity between surface water and ground-water

quality indicators (and other analytes) supports the existence

of zones of communication between the two water systems.

• In addition to contaminant contributions from unidentified

upgradient source(s), the Flightline Area sites appear to be

releasing some additional volatile organic compounds (mainly

TCE, vinyl chloride, and l,2-DCE) to the larger contaminant

plume.

• Further investigation is required in the area between the

Flightline Area sites and the upgradient source(s) to deter-

mine the relative contributions of each to Upper Zone ground-

water contamination in the Flightline Area.
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5.0 CONTAMINANT FATE AND TRANSPORT

The purpose of this section is to define the interrelationships

between the various contaminant plumes which exist in shallow (Upper Zone)

ground water in the Flightline Area, and to discuss their migration and

persistence. The transport and fate of contaminants in the Flightline Area

and the potential for off-site or off-base migration is a function of the

physical hydrogeologic conditions and the plume interrelationship.

Volatile organic contaminants found in both the ground water and

the surface water in the Flightline Area are the only hazardous waste con-

stituents having a potential for off-site or off-base migration at levels of

concern. No dissolved concentrations of inorganic constituents, specifically

metals, were identified in the ground water at levels exceeding federal

primary drinking water standards. Risk assessments were performed earlier

during the Phase II Stage 2 investigation, however these focused principally

on airborne hazards.

The ground-water contaminant plume in the Flightline Area is best

described in terms of trichloroethene (TCE). As stated in Section 4, TCE is

the principal contaminant at the site, with detected éoncentrations of up to

4400 &g/L and exceeding EPA's MCL (5 pg/L) in 27 wells. Other contaminants

which are less widely distributed or occur in lower concentrations within the

main Flightline Area plume include vinyl chloride, cis- and trans-l,2-di-

chloroethene, tetrachioroethene, and several other volatile organic halocarbon

compounds.

5.1 Contaminant Persistence and Transformation

5.1.1 Background and Theory

The fate and persistence of the volatile organic contaminant plume

in the Flightline Area is controlled by processes such as convection, con-

taminant adsorption and desorption on soil matrices, diffusion and dispersion,

chemical and biological degradation, and volatilization and subsequent

5-1
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resorption. Additionally, the nature of the contributing source(s), with

regard to initial concentration and availability of contaminants, affects both

fate and transport.

Diffus ion and dispersion are chemical and mechanical processes

whereby a contaminant tends to spread from the expected direction of transport

governed by ground-water flow patterns. Diffusion depends on concentration

gradients, and causes compounds to spread in the direction of lower concentra-

tions. Dispersion is a function of mechanical transport, where physical

mixing of the fluid media due to drag effects and pore channel tortuosity tend

to cause some lateral solute spreading. both of these phenomena contribute to

dilution of specific contaminants within the body of the plume, but also

result in the enlargement of the plume. Thus, these phenomena are factors in

contaminant persistence and apparent retardation during transport.

Adsorption and desorption of a solute can be significant factors

affecting the fate and transport of many types of contaminants. Compounds

that are readily adsorbed onto grains of the aquifer material, and not readily

desorbed are removed from the ground-water system and are not available for

transport. Chemical partitioning by sorption can reduce effective transport

by up to 100 percent. However, TCE is classified as a 1mobile' solute based

upon its relatively low affinity to adhere to particles in the solid matrix.

This classification is based on mobility, the value Kd, from the equation:

a5

where: Kd — the soil-water distribution coefficient;

a5 — the activity of the solute in the soil matrix; and

— the activity of the solute in the aqueous phase.

Mobility classes range from 'immobile' to 'very mobile', with TCE being in the

second most mobile class out of five possible classes. In terms of solute

transport, TCE has a higher activity in the aqueous phase, and hence will tend

to both adsorb and desorb from soil grains with relative uniformity. Conse-

quently TCE (and related daughter products) have a capacity for transport

5-2
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which is only slightly retarded with respect to that due to the flow of ground

water.

Mobility (1d) is also a function of the concentrations of available

solute, as the chemical activity of a solute will fluctuate based upon the

chemical saturation of the parent media. One method of estimating Kd is based

on site specific knowledge of TCE concentrations in the solid and aqueous

phases. For the purpose of this report, TCE will be simply treated as a

mobile solute, with adsorption and desorption being a factor in transport

retardation.

As in the case of adsorption and desorption, TCE and other organic

compounds may volatilize during transport and then be resorbed back into the

aqueous phase. Chlorinated solvents are volatile compounds. Resorption of

compounds following volatilization is based upon their ability to be adsorbed

onto soil grains in the unsaturated zone and then be resorbed back into the

ground water during periods of ground-water level fluctuation. Some com-

pounds, such as l,2-DCE and vinyl chloride, have low sorption coefficients,

and consequently might be permanently removed from the ground-water system

following volatilization. Because TCE is considered volatile and sorptive,

some portion of the volatilized compound could re-enter the ground-water

system during potentiometric (water level) rises. However, since the Upper

Zone water table in the Flightline Area has not fluctuated significantly since

1985 when potentiometric surveys began, volatilization may possibly cause

permanent removal of organic compounds from the ground water and therefore be

a contributing factor in transport retardation. The degree of significance of

this phenomenon is not known at the present time.

Chemical and biological degradation of the organic compounds in the

Upper Zone ground water are potentially important factors in transport

retardation in the Flightline Area. Tetrachioroethene (PCE), trichloroethene

(TCE), cis- and trans-l,2-dichloroethene and vinyl chloride are all related by

the chemical process of hydrogenolysis. From this reaction, PCE is broken

down into a series of daughter products, ultimately yielding carbon dioxide
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and water. This process is very common in nature, and may be biologically

driven, as a form of biodegradation.

Figure 5-1 provides a summary of the three chemical and biological

transformation pathways for the four principal organic contaminants in the

Flightline Area. It is noteworthy that the half-lives for these pathways vary

from tens of days to two to three years, and the pathway to cis-l,2-DCE is

generally favored. Since TCE and PCE formerly were both widely used in-

dustrial solvents, some amount of TCE is probably from a primary source. It

is doubtful that the sole source of TCE detected in the Flightline Area is

from the breakdown of PCE. However, with the limited amount of PCE detected,

either a significant portion of the original concentration of this solvent has

broken down into TCE or related daughter products, or the original volume of

PCE was much lower than TCE.

5.1.2 Flightline Area (Golf Course) Data

Figures 5-2, 5-3 and 5-4 present the isoconcentration maps gen-

erated for TCE, l,2-DCE and vinyl chloride, respectively. This discussion of

fate and transport of the ground-water contaminant plume does not consider the

data north of the Farmers Branch underground aqueduct. There is insufficient

lithologic and hydrogeologic data from the area between monitor well LFO5-Ol

(to the north) and monitor wells LFO5-5A and LFO5-5E (to the south) to make a

plausible interpretation of contaminant relationship between the areas.

Based on the previous discussion and the knowledge that l,2-DCE and

vinyl chloride are not known to be used at the base, it is reasoned that the

presence of l,2-DCE and vinyl chloride are the result of the chemical and bio-

logical breakdown of TCE. By comparing the zones of highest concentrations in

these three plumes, some scenarios can be suggested regarding the timing and

continuity of the contaminant sources. Reviewing the figures:

During the Spring 1990 ground-water sampling, the apex of the

TCE plume was centered along White Settlement Road, roughly

hydraulically downgradient from Landfill 4 (LFO4);
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Figure 5-1. Potential Degradation Products and Reaction Mechanisms
for Reduction of Chlorinated Ethanes and Ethylenes
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A small irregular area of elevated TCE concentrations is

present around monitor well LFO5-14, downgradient from Land-

fill 5 (Site LFO5);

The l,2-DCE (Figure 5-3) plume has highest concentrations

immediately downgradient from Sites LFO5 and LFO4, with grad-

ually decreasing concentrations downgradient of both land-

fills; and

Finally, vinyl chloride is present almost exclusively hydraul-

ically downgradient of Site LFO5.

If l,2-DCE and vinyl chloride concentrations detected in the ground

water are directly the result of TCE degradation, then a comparison of the

locations and concentration distributions within the plumes suggests an

earlier introduction of TCE from Site LFO5 into shallow ground water, with

significant degradation to l,2—DCE and vinyl chloride having occurred, and a

later release from Site LFO4, where time has allowed only degradation to 1,2-

DCE to occur. Furthermore, the overall release of contaminants from Site LFO4

may have decreased somewhat with time, as concentrations of TCE immediately

downgradient from Site LFO4 were lower than in the previous sampling in April

1988.

The fact that cis-l,2-DCE is favored in the chemical breakdown of

TCE supports the hypothesis that all of the l,2-DCE present in the Flightline

Area results from TCE degradation. As stated earlier, cis-l,2-DCE is present

in concentrations far exceeding trans-l,2-DCE, and the compound was detected

in five times as many wells. This would be expected if the two compounds were

daughter products of TCE, as the breakdown pathways of TCE to trans-l,2-DCE or

l,l-DCE are considered minor. However, all of the interpretations in this

section are speculative. Review of the historical ground-water chemical data

from the Flightline Area indicates considerable variability in concentrations

of volatile organic compounds over short periods (i.e., between monthly

sampling rounds). These fluctuations are unlikely to be related to longer-

term degradation patterns.
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5.2 Contaminant Migration Pathways

Ground water and surface water at the Flightline Area appear to be

in hydraulic communication, based on results of synoptic water level measure-

ments, and supported by chemical analyses from surface-water and ground-water

samples. The water quality indicator compounds in each system were similar,

and the detected contaminants occurred in similar proportions. Ground-water

contaminants TCE and l,2-DCE were also detected in each surface-water sample.

In addition, as discussed in Section 4, the concentrations of TCE and l,2-DCE

detected at surface-water sampling points were consistent with contaminant

concentrations at nearby ground water sampling locations. These correlations

support hydraulic connection between ground water and surface-water systems.

Furthermore it is apparent that the tributary to Farmers Branch is a point of

ground-water discharge which ultimately contributes contaminated water to

Farmers Branch. To simplify the discussion of contaminant transport, the

migration of the contaminant plume will be described individually in terms of

the ground-water and surface-water systems.

5.2.1 Transport in Ground Water

Comparison of Figures 5-2 (Spring 1990) and 5-5 (April 1988)

showing TCE concentrations in ground water suggests that some migration of the

TCE plume has occurred. Recognizing that the interpreted isoconcentration

contours can partially reflect sampling and analytical variabilities, the apex

of the plume, once centered on monitor well WPO7-1OB, is now centered between

monitor wells LFO4-4G and LFO4-02. If this change is attributed to advection,

it represents a migration distance of dissolved TCE of several hundred feet.

Data generated from Upper Zone Aquifer pump testing, performed in

June 1990, and water-level data suggest the average ground-water flow rate in

the Upper Zone is approximately 9 feet per day. This is based on a hydraulic

conductivity of 785 feet/day and an hydraulic gradient of 0.0035. Since the

hydraulic conductivity derived from aquifer testing falls in the suggested

5-10
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range for clean sands to gravels (Freeze and Cherry, 1979), a porosity of 30%

was assumed. The estimate for the average ground-water flow velocity is

derived from a simplification of Darcy's Law:

Ki

where: — averageground-water flow velocity
K — hydraulic conductivity of Upper Zone Aquifer

(average 2.8 x 10_i cm/sec or 785 feet/day),

i — hydraulic gradient (0.0035) in the Upper Zone; and

estimated porosity of the Upper Zone deposits (0.30).

Based on this calculation, the position of the TCE plume is migrating ap-

proximately an order of magnitude slower than ground water flow. This is not

unusual based upon the physical, chemical and biological factors which affect

the solute mobility with respect to ground water, as previously discussed in

Section 5.1.

The main contaminant plume appears to be migrating in a direction

which is generally consistent with the direction of ground-water flow. Figure

5-6 shows a potentiometric surface map generated from the June 1990 water

level survey, with the corresponding ground-water flow directions indicated.

The dominant direction of migration closely follows the orientation of the

thickest accumulation of sand and gravel in the Flightline Area (Figure 5-7).

A comparison of the sand and gravel isopach map with the recent TCE plume map

(Figure 5-2) clearly indicates that plume migration may be preferentially

influenced by the increased porosity and hydraulic conductivity of the sand

and gravel interval.

The direction of plume migration appears to be roughly parallel to

White Settlement Road. The maximum extent of the plume in that direction is

unknown, as samples from the two most easterly monitoring wells, LFO4-04 and

LFO5-l9 had detected levels of 2700 and 1300 jg/L TCE, respectively, in the

Spring 1990 sampling event. However, given historical observations and at the
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estimated rate of contaminant transport, the apex of the contaminant plume

would not be expected to migrate beyond the general locations of LFO4-04 and

LFO5-19 within the next several years.

It is along this vector of migration that the plume most directly

intersects the unnamed tributary to Farmers Branch. Both TCE and l,2-DCE were

found in high concentrations in surface-water sample LFO5-S7 (collected from

the small tributary (Figure 5-2)). At this locality, contaminated ground

water appears to discharge directly into the surface water, which in turn

flows into Farmers Branch. Because upstream flow in this small tributary

intermittently disappears into the subsurface (from the southeast corner of

LFO4 to just upstream of LFO5-S7), it is likely that the water at the sampled

location is almost entirely the result of ground-water discharge. However, as

evident from Figure 5-2, the tributary is not a ground-water flow boundary and

thus all ground-water contamination in the vicinity of the small tributary is

not 'captured' or diverted as surface-water flow. This conclusion is also

supported by the finding of elevated concentrations of TCE and l,2-DCE in

wells hydraulically downgradient of the tributary. This is most evident on

the south side of White Settlement Road, where TCE was detected at 2700 zg/L

in monitor well LFO4-04, south (downgradient) of the small tributary. Also,

test well LFO5-19 is located east of the unnamed tributary and has a TCE

concentration of 1300 pg/L. Migration of a portion of the contaminants

continues in an east-southeasterly direction past the location of LFO4-04.

The more northerly component of the TCE plume migration, which

parallels the direction of ground-water flow, is toward Farmers Branch.

Farmers Branch was sampled at four locations in the Spring 1990 sampling

event. While the dominant ground-water flow is in the direction of Farmers

Branch, the main contaminant plume has not indicated a strong preferential

migration in that direction. TCE concentrations of 1.8 and 4.5 pg/L, found in

surface-water samples collected in two small ponds located immediately north

of monitor well LFO5-14, appear to approximate the northerly extent of the TCE

plume. Any potential contaminant migration to the east of these ponds would

be intercepted by Farmers Branch. Since no samples have been collected on the

opposite side (northern) of Farmers Branch, it is uncertain whether the ground
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water on that side of the stream is contaminated. Contamination in Farmers
Branch and the unnamed tributary to Farmers Branch is discussed in Section
5.2.2, below.

TCE has not been encountered as a dense non-aqueous phase liquid

(DNAPL) in monitor wells installed in the Flightline Area, however, if DNAPL

does exist, it would tend to sink due to the difference in specific gravity

between TCE and water. Figure 5-8 depicts a structural contour map drawn on

the top of the Goodland/Walnut Formation, which is the aquitard beneath the

Upper Zone and considered to be the limit of vertical contamination. It is

probable that migration of any DNAPL would be influenced by the configuration

of the top of the aquitard. The solubility of TCE in water is 1100 mg/L, and

based on the analyses received from the various sampling efforts, con-

centrations sufficient to warrant the presence of TCE as a DNAPL are not

expected in the Flightline Area. While TCE may have been released in a pure

phase from one of the source sites, immediate and extensive dilution occurs as

the leachate enters the ground water, as reflected in the TCE concentrations

detected in downgradient wells. Based on the concentrations of contaminants

detected in the Flightline Area contaminant plume, the density of the water

would not be expected to be much greater than that of fresh water. However,

preferential migration of the contaminant plume through the thickest Upper

Zone sand and gravel deposits and above the most eroded surfaces of the

underlying aquitard is occurring in the Flightline Area.

5.2.2 Transport in Surface Water

Surface-water contamination in the Flightline Area is affected by

both the extent and migration of the ground-water plume, and by the variations

in the discharge and velocity of the two principal surface-water bodies

occurring in the area. Farmers Branch, which ultimately flows off-site, had

variable concentrations of TCE and l,2-DCE based on the sample location. In

addition, the Farmers Branch is fed by the small unnamed tributary draining

the southern portion of the study area, from which the most highly con-

taminated surface-water samples were collected. As a consequence, surface-

water contaminant transport will be considered exclusively in terms of Farmers
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Branch. For the purpose of this discussion, Farmers Branch will be divided

into three reaches, each with a different contaminant input and potential for

Contaminant migration.

Figure 5-9 shows the location of the surface-water sampling sites

and identifies the three divided reaches of Farmers Branch. The first reach

of Farmers Branch includes the upstream portion from the end of the concrete

underground aqueduct to the waterfall adjacent to the golf course ponds. This

section of Farmers Branch is not influenced by the main TCE plume, as the golf

course ponds are located approximately at the northern edge of the plume. TCE

was detected, however, in the two samples collected in this reach. The TCE in

these samples is believed to be the result of the upgradient source previously

mentioned in this report. While the TCE detected in this portion of Farmers

Branch is significantly above federal primary drinking water standards, it is

probable that contamination observed in this reach does not contribute greatly

to the overall observed downstream concentration of TCE. It is probable that

a large percentage of all volatile organic contaminants (including TCE and

l,2-DCE) are stripped from the stream by volatilization as the stream crosses

the waterfall which separates the first reach from the second reach.

The second designated reach of Farmers Branch includes that portion

which is downstream of the waterfall and upstream of the intersection of

Farmers Branch and the small tributary. In this reach, the main TCE plume

appears to intersect the stream, and both TCE and l,2-DCE contamination was

detected in sample LFO5-S5. However, even with continued migration of the

main TCE plume in the direction of Farmers Branch, the concentration detected

in this segment of the stream is not expected to increase significantly, and

hence is not expected to be a major contributor to downstream contamination.

The reason for this is the Upper Zone Aquifer outcrops in a broad cutbank of

Farmers Branch across the entirety of this reach, and the ground water is

therefore not in direct communication with the stream. Instead, water from

the Upper Zone emanates from a series of seeps along the cutbank, and per-

colates down the face of the cutbank into a series of pools which are located

5-18
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on limestone bedrock of the Goodland/Walnut Formation. As in the case of the

upper reach, this allows for significant volatilization and evapotranspiration

to occur, and would consequently strip most of the contaminants from the water

prior to any possible mixing with surface water from Farmers Branch. It is

likely that minor amounts of contaminants from both reaches may migrate

downstream to the third reach.

Significant concentrations of TCE and l,2-DCE in the ground water

(on the order of 1300 pg/L and 280 pg/L, respectively) are discharging as

surface water in the vicinity of surface-water sample location LFOS-S7. This

water, in turn, discharges directly into Farmers Branch in the third reach,

and constitutes the principal pathway for off-site and off-base migration.

Since the unnamed tributary to Farmers Branch is considered equivalent to a

direct discharge of the main TCE plume, the discharge of the tributary and

also Farmers Branch were calculated to determine the effects of dilution as

the two bodies intersect. This was done using the simple relationship:

Q - vA

where: Q — discharge
v — velocity
A — cross-sectional area

Applying this equation to values obtained in the field, the slow

moving tributary had a calculated discharge of approximately 0.2 cubic feet

per second (cfs) or about 129,000 gallons per day (gpd). In contrast, at the

time of field measurement, the discharge of Farmers Branch was approximately

6.0 cfs, or about 3,900,000 gpd. This translates into a dilution factor of

about 30, suggesting that contaminant concentrations in Farmers Branch would

be thirty times lower than those occurring in the unnamed tributary. Surface-

water sampling results confirmed this, as the TCE concentrations between

samples LFO5-S7 and LFOS-S6 (1400 ig/L and 43 pg/L) appear diluted by a factor

of 33 and l,2-DCE concentrations between the same two locations (310 pg/L at

LFO5-S7 and 8.4 pg/L at LFO5-S6) appear diluted by a factor of 37.
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It may be concluded that as the most highly contaminated portion of

ground-water plume continues migrating to the east, the concentrations of

organic contaminants detected in the unnamed tributary, and hence in Farmers

Branch, may increase proportionately. However, plume degradation by physical,

chemical and biological factors may result in transport of contaminants off-

site remaining fairly constant over the next few years. Currently, TCE

migration off-site in Farmers Branch is estimated at 45 JLg/L and l,2-DCE

migration off-site is estimated at 8.4 pg/L. There are insufficient data

available to estimate the concentration of these contaminants in reaches of

Farmers Branch outside the Flightline Area. However, volatilization will

reduce the organic contaminant content of Farmers Branch before its ultimate

discharge into the Trinity River.
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6.0 BASELINE RISK ASSESSMENT

6.1 Summary of Indicator Chemicals

Sampling and analysis of soil and water in the Flightline Area has

resulted in a large number of chemical substances being detected. Conducting

a baseline risk assessment that included every detected chemical would be

unnecessarily time consuming. The baseline risk assessment of the Flightline

Area is therefore based on selected indicator chemicals that pose the greatest

potential risks at the site, a methodology endorsed by the U.S. EPA for

evaluation of the health impacts of waste sites (U.S. EPA, l986a).

Indicator chemicals were selected from approximately 80 chemicals

known to be present at the site according to Health Evaluation Manual (U.S.

EPA, 1986a). The selection process, based in both 1988 and 1990 sampling and

analyses performed on the soil, ground water, and surface water in the

Flightline Area, resulted in the following list of indicator chemicals:

Semivolatile Volatile Organic
Metals Organic Compounds Compounds (VOCs)

Antimony Bis(2-ethylhexyl)- Benzene

phthalate
Arsenic Chloroform

Barium 1, 2-Dichloroethane

Beryllium Methylene chloride

Cadmium Tetrachioroethene

Chromium Toluene

Lead Trichioroethene

Nickel Vinyl chloride

Selenium

Silver

Some of the indicator chemicals, particularly those detected at

very low concentrations, may be the result of matrix interferences or sample

cross-contamination. No analysis for semivolatile compounds was performed in

1990 and the low levels of phthalate detected previously are suspected as
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being artifacts of sampling or laboratory contamination. As already

discussed, dissolved metals concentrations in ground water and surface water

samples, determined only in the 1990 effort, were all below MCLs and do not

suggest a metals contamination problem. Nevertheless, all of the identified

indicator chemicals were included in the risk assessment process to ensure a

conservative (stringent-case) evaluation of possible health risks.

6.2 Source and Release Characterization

Possible mechanisms of contaminant release from Landfill 4 (LFO4),

Landfill 5 (LFO5) and the Waste Burial Area (WPO7) include: 1) volatilization

to the air, 2) fugitive dust generation, 3) leachate to ground water, 4)

surface runoff, 5) direct release to surface water, and 6) contaminated

ground-water discharge to surface water.

6.2.1 Volatilization to the Air

VOCs present in the soil are subject to volatilization to the air

by virtue of high vapor pressures. Semivolatile organic compounds generally

have very low vapor pressures and are not subject to volatilization. Most

metals are nonvolatile as well. Indicator chemicals detected in the

Flightline Area which can volatilize include benzene, chloroform, 1,2-di-

chioroethane, inethylene chloride, tetrachloroethene, toluene, trichioroethene,

and vinyl chloride.

Estimated emission rates based conservatively on maximum

concentrations detected in the soil or water samples from the Flightline Area

are:

Emission Rate
Indicator Chemical (grams/second)

Benzene 2.25 x lO

Chloroform 1.58 x 10-6

l,2-Dichloroethane 1.07 x iO

Methylene chloride 2.85 x l0

Tetrachioroethene 1.25 x lO
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Toluene 6.79 x iO

Trichioroethene 3.22 x

Vinyl chloride 7.51 x iO

The methodology used to estimate emission rates is described in the IRP Stage

2 RI/FS Final Draft Report (Radian, 1989).

6.2.2 Fugitive Dust Generation

Contaminants must be present in exposed soil to be subject to

fugitive dust generation. Because wastes in these IRP sites are buried and

the surface is vegetated, contaminants present in the soil are not subject to

significant fugitive dust generation.

6.2.3 Leachate to Ground Water

Indicator chemicals detected in ground-water samples from

downgradient monitor wells in the Flightline Area include: antimony, arsenic,

barium, beryllium, cadmium, chromium, lead, nickel, selenium, silver, bis(2-

ethylhexyl)phthalate, benzene, chloroform, methylene chloride, tetrachloro-

ethene, toluene, trichloroethene, and vinyl chloride.

6.2.4 Surface Runoff

Contaminants must be exposed at the land surface to be subject to

significant surface runoff during precipitation. Because Landfill 4 and the

Waste Burial Area were covered and vegetated after disposal operations ceased,

and because both are relatively flat, contaminants present in the soil are not

subject to significant surface runoff. Landfill 5 was also covered and

vegetated after disposal activities ceased. However, because Landfill 5 was

constructed above ground level and is adjacent to the small tributary to

Farmers Branch, there is a greater potential for surface runoff of contam-

inants than for the other two sites.
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6.2.5 Discharge to Surface Water

There is no direct discharge of contaminants to surface water.

However, there is indirect discharge in the form of contaminated ground water

discharging to Farmers Branch, the small tributary, and the two golf course

ponds in the Flightline Area.

6.3 Transport and Fate of Contaminants

The Flightline Area sites potentially release VOCs to the air via

volatilization and all identified indicator chemicals to the ground water via

waste leaching. The main mechanism for contaminant release to surface water

is by Upper Zone ground-water discharge. Potentially significant contaminant

transport and fate mechanisms in the air and ground-water media include: 1)

air dispersion, 2) ground-water migration, 3) discharge to the surface,

4) transport in surface water, and 5) subsequent uptake by plants and animals.

6.3.1 Air Dispersion

Emission of VOCs from the Flightline Area IRP sites occurs at

ground level in the gaseous phase. The gases disperse in the ambient

atmosphere according to local meteorological conditions. Annual ambient air

concentrations of the volatile organic indicator chemical emissions were

estimated using the ISCLT model. The dispersion modeling methodology is

discussed in the IRP Stage 2 RI/FS Final Draft Report (Radian, 1989).

6.3.2 Ground-Water Migration

In the Flightline Area, ground water in the Upper Zone occurs in

sand and gravel deposits that are underlain by relatively impermeable and dry

limestone/shale bedrock. Hydraulic head in the Upper Zone Aquifer decreases

toward Farmers Branch, indicating that ground-water flow is also toward

Farmers Branch. The bed of Farmers Branch is cut into the same bedrock that

forms the base of the Upper Zone; therefore ground water is expected to

discharge directly to Farmers Branch or to be consumed by evapotranspiration
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as it exits the Upper Zone materials near the creek. This in fact is the case

as ground water is continually seeping from the cut-bank face of the creek and

ponding on the limestone bedrock that forms the creek bed. Ground-water flow

is generally not toward the base perimeter in this area. Therefore, migration

of contaminants from the Flightline Area to any domestic or agricultural use

wells in the area is unlikely.

6.3.3 Transport in Surface Water

Since VOCs remain in a gaseous state and do not deposit on the

ground, surface water in the area is not subject to contamination via

emissions to the air from the Flightline Area. Contaminants which reach

Farmers Branch via ground-water migration (or surface runoff from Landfill 5)

are subject to dilution and movement with the surface flow downstream to the

West Fork of the Trinity River located east of the base. The West Fork of the

Trinity River is downstream of Lake Worth, which is the source of drinking

water for Fort Worth and Carswell AFB. Thus the path of surface water

drainage precludes the transport of contaminants from the Flightline Area to

the sole surface water source of drinking water in the area. Any VOCs present

in surface water would probably volatilize to the air, thus leading to

decreasing VOC concentrations with increasing distance downstream.

6.3.4 Uptake by Plants and Animals

Food crops, including commercial agricultural crops and backyard

gardens, are subject to accumulation of contaminants migrating from the

Flightline Area IRP sites via root uptake of any contaminants present in the

water used for watering or irrigation. Migration of ground water to a surface

water source used for watering or irrigation is the only significant pathway

for contaminants to move from the Flightline Area to plants. However, farming

operations in the area generally rely on natural precipitation or irrigation

of crops with ground water (South, J., 1988), which eliminates this potential

pathway for human exposure. Since emissions to the air from the Flightline

Area would be limited to VOCs which remain in a gaseous state in ambient air,
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they will not deposit on above-ground plant surfaces or on the soil or surface

water so as to be available for root uptake.

Terrestrial organisms, including farm animals and wildlife, are

potentially subject to accumulation of contaminants originating in the

Flightline Area sites by: 1) inhalation of ambient air, and 2) ingestion of

surface water contaminated via ground-water migration. As discussed above,

farm operations in the area do not use surface water to irrigate crops.

Therefore, farm animals are not subject to ingestion of plants irrigated or

watered with surface water contaminated via ground-water discharge.

Aquatic organisms, including fish, are subject to accumulation of

contaminants by uptake from surface water contaminated via ground-water

discharge/surface transport. Contaminants can bioaccumulate in the food chain

of both terrestrial and aquatic organisms.

6.4 Exposure Pathways

Figure 6-1 depicts potential pathways for contaminants to move

from the Flightline Area to human exposure points. Pathways which are not

complete were eliminated. Remaining pathways include:

1. Volatilization to the air/air dispersion/inhalation of

ambient air;

2. Volatilization to the air/air dispersion/inhalation by

animals/ingestion of meat and dairy products;

3. Leaching to ground water/ground-water migration to surface

water (fishable source)/uptake by fish and other aquatic

organisms/ingestion of aquatic organisms;

4. Leaching to ground water/ground-water migration to surface

water (agricultural use source)/ingestion by

animals/ingestion of meat and dairy products;
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5. Leaching to ground water/ground-water migration to surface

water (source used for contact sports)/skin contact with

water; and

6. Leaching to ground water/ground-water migration to surface

water/volatilization of volatiles/inhalation of vapors close

to source.

Contaminant contributions to surface water used for fishing, for

agriculture, for contact water sports, or from which VOCs can volatilize, can

also potentially result from surface runoff from Landfill 5 to a Farmers

Branch tributary.

6.5 Identification of Receptors

Based on available exposure pathways, potential human receptors

for exposure to contaminants migrating from the Flightline Area include: 1)

persons residing and/or working in nearby areas, particularly downwind of the

site; 2) persons ingesting meat and dairy products from animals exposed to

contaminants in the ambient air or contaminated surface water; 3) persons

ingesting fish or other aquatic organisms exposed to contaminated surface

water; and 4) persons swimming or participating in other contact sports in

contaminated water.

Potential wildlife receptors include: 1) terrestrial organisms

with habitats close to the Flightline Area that inhale ambient air and ingest

surface water, particularly from Farmers Branch, its unnamed tributary and/or

the golf course ponds, and 2) aquatic organisms in the on-base surface water

bodies and the West Fork of the Trinity River.

6-8
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6.6 Quantification of Exposures

6.6.1 Inhalation Exposure

Inhalation of ambient air is the most direct exposure pathway for

contaminants to move from the Flightline Area to htmian receptors. Table 6-1

presents the on-site maximum and off-site maximum predicted annual ambient air

concentrations resulting from estimated Flightline Area emissions, and

predicted concentrations at several discrete locations: site of the proposed

base day care center, which is central to the largest on-base residential

area, the Fort Worth National Fish Hatchery, and the closest dairy and beef

operations. The table also lists Texas Air Control Board (TACB) Health

Effects Screening Levels (ESLs) which the agency uses to evaluate the impacts

of air contaminants. TACB screening levels are based on occupational exposure

limits [American Conference of Governmental Industrial Hygienists (ACCIH)

Threshold Limit Values (TLVs), Occupational Health and Safety Administration

(OSHA) standards, or National Institute for Occupational Safety and Health

(NIOSH) recommendations], odor nuisance potential, vegetation effects, or

corrosion effects. Generally the annual ESL corresponds to 0.1% of the lowest

occupational exposure limit.

The maximum predicted annual average concentrations resulting from

estimated Flightline Area emissions for benzene, chloroform, 1,2-

dichloroethane, methylene chloride, tetrachioroethene, toluene,

trichloroethene, and vinyl chloride are lower than the conservative TACB

Effects Screening Levels by orders of magnitude ranging from 4 to 8.

6.6.2 Ingestion Exposure

Potential ingestion exposures include ingestion of meat and dairy

products from animals exposed to contaminants in the ambient air or

contaminated surface water, and fish exposed to contaminated surface water.

The Flightline Area contributes very low concentrations of VOCs to the ambient

6-9
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air. At the sites of the nearest dairy and beef operations, concentrations

are predicted on the order of iO ,ug/m3 and lower (see Table 6-1). Although

cows will absorb inhaled VOCs, these compounds do not tend to accumulate in

milk or edible tissues which humans might consume. Likewise, livestock

consumption of surface water containing contaminants originating from the

Flightline Area is theoretically possible, if livestock consumes water from

the West Fork of the Trinity River; however, any exposure can be expected to

be minimal due to the distance from Carswell AFB to the nearest dairy and beef

operations. Consumption of locally produced beef and dairy products therefore

does not represent a significant pathway of human exposure to contaminants

originating from the Flightline Area.

The most significant fishable resource in the vicinity of Carswell

AFB is Lake Worth. The Fort Worth National Fish Hatchery is located at the

western end of the lake. Since there is no available pathway for contaminants

to move from the Flightline Area to Lake Worth, there is no potential for

human exposure to contaminants originating at the Flightline Area via

ingestion of fish caught in the lake. There is some theoretical potential for

fish in the West Fork of the Trinity River to accumulate contaminants from the

Flightline Area in the area downstream of the intersection of Farmers Branch

with the river. However, contaminant contributions to the river from the

Flightline Area via contaminated ground-water discharge to Farmers Branch are

likely to be very minimal due to the distance between the site and the river

(approximately one mile), dilution, volatilization, and the low concentrations

of contaminants in ground water. Therefore, concentrations of contaminants in

the river which originate from the Flightline Area were not established.

6.6.3 Dermal Exposure

The potential for skin contact with contaminants originating from

the Flightline Area is limited to exposure while swimming in (or otherwise in

contact with) contaminated surface water. Lake Worth is the most highly

utilized surface water body for swimming and other water contact sports in the

area. Again, since there is no available pathway for contaminants to move

from the Flightline Area to Lake Worth, there is no potential for human

6-11
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exposure to contaminants originating from the Flightline Area via skin contact

with lake water. As discussed above, contaminant contributions to the West

Fork of the Trinity River from the Flightline Area are theoretically possible

but likely to be very minimal; therefore, skin contact with river water is not

considered a significant exposure pathway for this site. Skin contact with

water in Farmers Branch, which is not amenable to swimming or other contact

activities other than possibly wading, could contribute to dermal exposure.

The exposure potential from this pathway was not quantified.

6.7 Threat to Human Health

6.7.1 Noncarcinogenic Risks

Table 6-2 shows estimates of average daily inhalation exposure (in

mg/kg body weight/day) at the location of the on-site and off-site maximum

predicted annual average concentration, and at the proposed on-site day care

facility, and compares these values with inhalation Reference Doses (RFDs) for

chronic (long-term) exposure. An inhalation RFD is an estimate of the dose of

a chemical that can be inhaled daily for a lifetime without producing adverse

noncarcinogenic health effects. The derivation of RFDs (Formerly Acceptable

Daily Intakes- -ADIs) used in this assessment is discussed in the IRP Stage 2

RI/FS Final Draft Report (Radian, 1989).

Average daily inhalation exposures for benzene, chloroform, 1,2-

dichioroethene, methylene chloride, tetrachloroethene, toluene, trichioro-

ethene, and vinyl chloride are lower than pollutant-specific RFDs in all cases

by more than three orders of magnitude. The total hazard index is

significantly less than one at all sites, indicating that the threat of

noncarcinogenic health effects of inhalation exposure to contaminants

originating from the Flightline Area is not significant.

6-12



T
A

B
L

E
 

6-
2.

 
E

ST
IM

A
T

E
D

 A
N

N
U

A
L

 A
V

E
R

A
G

E
 

D
A

IL
Y

 I
N

H
A

L
A

T
IO

N
 E

X
PO

SU
R

E
S 

FO
R

 
C

O
N

T
A

M
IN

A
N

T
S 

FR
O

M
 

T
H

E
 

FL
IG

H
T

L
IN

E
 A

R
E

A
 

E
s
t
i
m
a
t
e
 
o
f
 t
h
e
 
d
o
s
e
 o
f
 a
 c
h
e
m
i
c
a
l
 
t
h
a
t
 
c
a
r
t
 

b
D
e
r
i
v
e
d
 
f
o
r
 
t
h
i
s
 
a
s
s
e
s
s
m
e
n
t
 
(
s
e
e
 R
a
d
i
a
n
,
 

19
89

).
 

'
I
n
h
a
l
a
t
i
o
n
 
e
x
p
o
s
u
r
e
 
a
s
s
u
m
e
s
 
i
n
h
a
l
a
t
i
o
n
 
f
o
r
 
2
4
 h
o
u
r
s
/
d
a
y
 
o
f
 p
r
e
d
i
c
t
e
d
 
a
n
n
u
a
l
 

w
e
i
g
h
t
 o
f
 
7
0
 
k
g
 
a
n
d
 
w
i
t
h
 a
n
 a
v
e
r
a
g
e
 
i
n
h
a
l
a
t
i
o
n
 
r
a
t
e
 
o
f
 2
0
 
m
3
l
d
a
y
.
 

d
l
n
h
a
l
a
t
i
o
n
 
E
x
p
o
s
u
r
e
/
I
n
h
a
l
a
t
i
o
n
 
R
e
f
e
r
e
n
c
e
 
D
o
s
e
.
 

I I.-
. 

C
on

ta
m

in
an

t 

In
ha

la
tio

n 
R

ef
er

en
ce

 
D

os
e 

(m
g/

kg
/d

ay
) 

O
n-

S
ite

 M
ax

im
um

 
O
f
f
-
S
i
t
e
 
M
a
x
i
m
u
m
 

D
a
y
 C
a
r
e
 

i
n
h
a
l
a
t
i
o
n
 

E
x
p
o
s
u
r
e
'
 

(
m
g
/
k
g
/
d
a
y
)
 

H
a
z
a
r
d
 

I
n
d
e
x
'
 

I
n
h
a
l
a
t
i
o
n
 

E
x
p
o
s
u
r
e
'
 

(m
g/

kg
/d

ay
) 

H
a
z
a
r
d
 

I
n
d
e
x
d
 

I
n
h
a
l
a
t
i
o
n
 

E
x
p
o
s
u
r
e
c
 

(m
g/

kg
/d

ay
) 

H
a
z
a
r
d
 

I
n
d
e
x
d
 

B
e
n
z
e
n
e
 

3.
2x

10
 

6
.
5
7
x
1
0
'
 

2
.
0
1
x
1
0
'
 

9
l
4
x
1
0
'
 

2
.
8
6
x
1
0
'
 

2
.
0
1
x
1
0
 

6
.
4
3
x
1
0
'
 

C
h
l
o
r
o
f
o
r
m
 

1
.
0
x
1
0
5
 

2
.
l
i
8
x
l
O
'
 

2
.
4
3
x
1
0
'
 

2
.
5
3
x
1
0
'
°
 

2
.
5
3
x
1
0
'
 

6
.
9
5
x
1
0
'
°
 

6
.
9
5
x
1
0
'
 

l
,
2
—
D
i
c
h
l
o
r
o
e
t
h
a
n
e
 

2
.
7
x
l
0
 

3
.
1
4
x
1
0
'
°
 

l
.
1
6
x
1
0
'
 

4
.
2
9
x
1
0
"
 

3
.
3
0
x
1
0
'
 

9
.
7
x
1
0
"
 

7
.
4
7
x
l
0
'
 

M
e
t
h
y
l
e
n
e
 c
h
l
o
r
i
d
e
 

8
.
6
x
1
0
'
 

4
.
4
8
x
1
0
'
 

5
.
2
l
x
1
0
'
 

4
.
5
6
x
1
0
'
 

5
.
3
0
x
1
0
'
 

l
.
2
5
x
1
0
'
 

l
.
4
5
x
1
0
 

T
et

ra
ch

lo
ro

et
he

ne
 

1.
0x

10
4 

l.9
6x

10
1°

 
l.9

6x
10

' 
2.

00
x1

0"
 

2.
00

x1
0'

 
5.

5O
xl

O
" 

5.
50

x1
0'

 

T
ol

ue
ne

 
5.

7x
10

" 
2.

6O
xl

O
' 

4.
56

x1
0'

 
l.3

7x
10

'°
 

2.
41

x1
0'

° 
3.

71
x1

0'
° 

6.
52

x1
0'

° 

T
ri

ch
lo

ro
et

he
ne

 
2.

46
xl

O
 

1.
02

x1
0 

4.
18

x1
0 

6.
57

x1
0'

 
2.

67
x1

0'
 

l.6
8x

10
' 

6.
85

x1
0'

 

V
in

yl
 
ch

lo
ri

de
 

l.3
xl

0 
4.

51
x1

0'
 

3.
47

x1
O

 
8.

86
x1

0'
 

6.
81

x1
0*

 
l.8

6x
10

' 
l.4

3x
10

5 

T
O

T
A

L
 H

A
Z

A
R

D
 

IN
D

E
X

 
3.

89
x1

0'
 

9.
55

x1
0'

 
2.

l4
l0

 
b
e
 
i
n
h
a
l
e
d
 
d
a
i
l
y
 f
o
r
 
a
 l

if
et

im
e 

w
i
t
h
o
u
t
 
p
r
o
d
u
c
i
n
g
 
a
d
v
e
r
s
e
 
n
o
n
c
a
r
c
i
n
o
g
e
n
i
c
 
h
e
a
l
t
h
 e
f
f
e
c
t
s
.
 

av
er

ag
e 

am
bi

en
t 

co
nc

en
tr

at
io

ns
 by

 a
n 

in
di

vi
du

al
 w

ith
 a

n 
a
v
e
r
a
g
e
 
b
o
d
y
 



64 161
6.7.2 Carcinogenic Risks

Inhalation Risk- -Of the eight indicator chemicals that might be

released to the air from the Flightline Area, seven are potential carcinogens.

These are: benzene, chloroform, 1,2-dichioroethane, methylene chloride,

tetrachloroethene, trichioroethene, and vinyl chloride. Cancer potency

estimates developed by EPA were used in conjunction with total daily

contaminant doses to develop estimates of incremental individual cancer risk:

Individual Cancer Risk — Total Daily Dose x Cancer Potency

(mg/kg/day) (mg/kg/day)'

Incremental individual cancer risk is the increased probability of developing

cancer in one's lifetime.

Table 6-3 shows estimates of incremental individual cancer risk

for the maximum on-site and maximum off-site exposed individual and for an

individual inhaling ambient concentrations in the immediate vicinity of the

proposed day care facility continuously for a lifetime. These risks, the

highest of which is one in 10 million, can be dismissed as inconsequential.

Ingestion Risk- -The potential for ingestion exposure to

contaminants originating from the Flightline Area is remote and likely to be

minimal. The risk of ingestion exposure was therefore not quantified.

Deruial Risk- -The potential for dermal exposure to contaminants

originating from the Flightline Area is also minimal. Unless an individual

immersed frequently in the waters of Farmers Branch for a long period of time,

skin contact exposure can be considered insignificant. The risk of derinal

exposure was therefore not quantified.

6.8 Threat to Wildlife

Contaminants migrating from the Flightline Area, as discussed

previously, pose some risk to terrestrial wildlife that use Farmers Branch,
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its small tributary, and the golf course ponds as a source of drinking water,

as well as aquatic organisms in these surface water bodies. In the past,

there have been some instances of fish kills in Farmers Branch and in the

small ponds near Building 233. Table 6-4 compares the maximum values of

indicator chemicals detected in the Flightline Area surface water samples with

EPA water quality criteria (where available) for aquatic life in fresh water.

The only organic indicator chemical that has an established

criterion (LOEL - lowest observed effect level) is TCE. The maximum detected

concentration of TCE in surface water samples is 15 times less than the

chronic LOEL for fresh water aquatic species.

Two metals, lead and silver, were detected in concentrations

greater than the ambient fresh water chronic criteria. Silver was detected

three times (twice in golf course ponds and once in Farmers Branch).

However, all three detectable concentrations occurred in unfiltered samples

and all were less than five times the method detection limit. All dissolved

silver concentrations were below the method detection limit (10 pg/L).

Because the detection limit is higher than the chronic criterion for aquatic

life in fresh water, it is not possible to determine whether any dissolved

silver concentrations actually exceeded the chronic criterion.

Lead was detected in all four water samples from Farmers Branch

and from one of the golf course ponds. The only detected concentration

exceeding the chronic criterion, however, was in the golf course pond sample.

The accuracy of the reported lead concentration is questionable as the corres-

ponding dissolved lead concentration was roughly three times greater than the

total concentration which did not exceed the chronic criterion. All four

samples collected from Farmers Branch contained lead in concentrations

approaching the chronic criterion for fresh water aquatic life. One of these

samples was collected from a reach of Farmers Branch upstream of any of the

Flightline Area sites, so it appears that either natural background

concentrations of lead in surface water are relatively high and/or Farmers

Branch is receiving lead from an upstream source.
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TABLE 6-4. COMPARISON OF MAXIMUM DETECTED SURFACE WATER INDICATOR
CHEMICAL CONCENTRATIONS WITH EPA WATER QUALITY CRITERIA

Indicator Chemical

Maximum Detected
Concentration

(jg/L)

Fresh Acute

(pg/L)

Fresh Chronic

(pg/L)

TCE 1,400.0 46,000* 21,000*

Vinyl chloride 3.7 " "
Arsenic (metal) 4.8

- Pentavalent - - 850* 48*

- Trivalent - - 360 190

Barium 210.0 -- --

Lead 29.0 330** 12.9**

Silver 23.0 26.9** 0.12

*Insufficient data to develop criteria. Value presented is the LOEL - Lowest
Observed Effect Level.

**Hardness Dependent Criteria (300 mg/L used).

- -No criteria or LOEL available.

Source: U.S. EPA, Quality Criteria for Water 1986b. EPA 440/5-86-001.
May 1, 1986.
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6.9 Defense Priority Model Evaluation

Radian used the Defense Priority Model (DPM) (Oak Ridge National

Laboratory, 1987) to evaluate the Flightline Area (Sites LFO4, LFO5, WPO7, and

Fr09) and four East Area IRP sites at Carswell AFB. DPM uses site-specific

data to prioritize sites according to the severity of contamination. For the

DPM, geologic and hydrologic data are used to indicate ground-water travel

times and chemical analyses are analyzed using toxicological benchmarks to

indicate risk to the local human population and natural environment.

Using information obtained during Stage Two of the Installation

Restoration Program (IRP) at Carswell AFB, the DPM indicated the following

ranking for the sites investigated (numbers in parentheses are the results of

the DPM scoring and indicate relative rankings):

1. Unnamed Stream (20,760);

2. Flightline Area (19,381);

3. Landfill 1 (7,036);

4. Base Service Station (5,929); and

5. POL Tank Farm (4,584).

Radian has conducted extensive, detailed investigations of these

sites and has produced a ranking of these sites which differs somewhat from

the DPM ranking. The alternate ranking, which is based on the results of the

Radian investigations is as follows:

1. Flightline Area;

2. Unnamed Stream;

3. POL Tank Farm;

4. Base Service Station; and

5. Landfill 1.

This discrepancy is probably because the DPM is designed as an

unbiased tool for comparison and, therefore, has a simple, rigid format that

does not take into account all factors which might be relevant to the ranking
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of a particular site. Indeed, the Introduction to the User's Manual for the

DPM indicates the possibility of false high scores using the DPM. Radian's

justification for giving the Flightline Area higher priority for remedial

action relative to the Unnamed Stream is explained below. The DPM evaluation

worksheets for the Flightline Area are provided as Appendix G.

Flightline Area Versus Unnamed Stream

Two factors strongly influenced the DPM ranking of the Flightline

Area below that of the Unnamed Stream. The more important of these is the

relatively low levels of metals (especially lead) detected in the Flightline

Area, compared to the Unnamed Stream site. Also important was the difference

in contaminant transport times because of the proximity of the Unnamed Stream

to the plant boundary and the Trinity River.

Radian assigns a higher ranking to the Flightline Area for several

reasons, the most important of these being the relative concentrations of

contaminants detected at these two sites. At the Unnamed Stream, no

contaminants were detected at levels in excess of Maximum Contaminant Levels

(MCLs). At the Flightline Area, however, TCE, vinyl chloride, tetra-

chloroethane and cis-l,2-dichloroethane were detected above current (or

proposed) MCLs. Metals were detected in higher concentrations in the surface

water samples from the Unnamed Stream, but none exceeded any regulatory

concentration limit.

Another reason for assigning the Flightline Area a higher ranking

is its size relative to the Unnamed Stream. The Flightline Area is much

larger and contains a larger volume of contaminants than the Unnamed Stream

site. It therefore presents a more complicated problem for remediation and a

greater potential for future environment degradation.
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7.0 SUMMARY AND CONCLUSIONS

This section summarizes the environmental contaminants detected in

the Flightline Area, with special emphasis on the extent of contaminant

migration, the mechanisms/pathways by which the contaminants are transported,

and the level of risk the contaminants pose to the human health and environ-

ment. Also identified are existing data gaps, possible ways to address

additional data requirements, and the objectives of any remedial actions

conducted in the Flightline Area.

7.1 Suimnary of Contamination and Associated Risks

The following subsections present an overview of the main con-

taminants in the Flightline Area and the quantified risks associated with

exposure to those contaminants.

7.1.1 Nature and Extent of Contamination

Ground Water

Environmental sampling conducted in the Flightline Area thus far

has shown ground-water contamination by volatile organic compounds, par-

ticularly trichioroethene and vinyl chloride, to be the most widespread and

significant problem. During the most recent ground-water investigation

(April/May,1990), TCE was detected in concentrations exceeding the federal MCL

in 27 of the 35 monitor wells sampled. Vinyl chloride exceeded its MCL in

seven wells. Figures 5-2 and 5-4 show isoconcentration contour maps of TCE

and vinyl chloride in the Upper Zone Aquifer at the Flightline Area.

As seen in Figure 5-2, ground-water sampling of the existing

monitor well network has adequately defined of the northern and southern

limits of the TCE plume; however, the extent of the plume to the east and west

is currently unknown. The evidence generated to date suggests the TCE con-

tamination is preferentially migrating along paleochannels that were iden-

tified during drilling and were mapped in the Flightline Area (Figure 5-7).
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The maximum vertical extent of the TCE contamination, as well as all other

contamination detected in the area, apparently corresponds to the upper

surface of the Goodland/Walnut Formation, which underlies the Upper Zone

sediments. The limestone and shale of the Goodland/Walnut Formations appear

to be an effective barrier to downward migration of ground-water contaminants

to deeper aquifers, because no contaminants were detected in the two Paluxy

Aquifers (the sand aquifer directly under the Goodland/Walnut aquitard)

monitor wells, one of which (P-2) is located near the center of the plume

during the sampling performed in 1988.

Figure 5-4 shows the lateral extent of vinyl chloride detected in

the Flightline Area Upper Zone ground water. The vinyl chloride contamination

is less areally extensive and better defined than the TCE plume. Isocon-

centration contour mapping of vinyl chloride detected in the Upper Zone ground

water suggests Landfill 5 (LFO5) is the principal source of the contamination.

Several other organic compounds were detected in the ground water

from the Flightline Area monitor wells, most notably tetrachioroethene and

cis-l,2-dichloroethene, but the concentrations of the compounds detected were

either below MCLs or they have no established MCLs.

Multiple sources are apparently contributing the organic con-

taminants detected in the shallow ground water of the Flightline Area. Land-

fills 4 and 5, the Waste Burial Area, and to a lesser extent, Fire Training

Area 2 appear to be contributing to the contamination, based on the con-

centration distribution of the volatile organic contaminants and the consis-

tent nature of the detected contaminants and disposed wastes. However,

repeated evidence of organic contamination in monitor wells located hydraul-

ically upgradient of these sites suggests one or more additional off-base

sources. Based on similar concentrations of TCE and related transformation

products detected in upgradient wells on adjoining AF Plant 4 property, AF

Plant 4 is considered the principal upgradient candidate source of the balance

of the Flightline Area contamination.
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Although several metals species were detected in concentrations

greater than respective MCLs in unfiltered ground-water samples, it is

probable that no metals contamination exists in the Upper Zone Aquifer at the

site as no concentrations exceeding MCLs were reported in the dissolved metals

analyses which most directly reflect ground-water chemistry.

Surface Water

Trichioroethene is the principal contaminant in the surface water

of the Flightline Area. It was detected in all seven of the water samples

taken in 1990, and exceeded the MCL in five of the samples. The highest

detected concentration was in a sample from a small tributary to Farmers

Branch (sample location LFO5-S7 on Figure 5-9). There is strong evidence that

the shallow ground water is providing the base-flow and the resulting con-

tamination in this small stream. As with ground water, contamination observed

in a reach of Farmers Branch upstream of the Flightline Area sites suggests an

additional upstream contaminant source. The farthest downstream sample from

Farmers Branch contained TCE in excess of the MCL. At this location, it

appears that Farmers Branch is receiving a significant contaminant con-

tribution from the previously mentioned tributary.

Vinyl chloride was the only other volatile organic compound

detected in the surface water samples in excess of any MCLs and it was

detected above the MCL in only one sample collected from the golf course ponds

located adjacent to the golf course maintenance facilities.

The remaining volatile organic compounds detected in the surface

water samples were the cis- and trans-isomers of l,2-DCE. These compounds

were commonly detected in the Flightline Area Upper Zone ground water.

No metals were detected above MCLs in any of the surface water

samples collected in 1990. Water quality indicator results from the surface

water samples were compared to the ground-water results. The strong similar-

ity in the concentrations of cations and anions suggests that discharge of

Upper Zone ground water is supplying a large portion of the surface water flow.
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7.1.2 Fate and Transport

Fate of Contaminants

No dissolved metals concentrations in Upper Zone ground-water

samples exceeded MCLs. Therefore only the persistence and transformation of

organic contaminants were addressed. The ground-water contamination in the

Flightline Area consists mainly of volatile chlorinated organic solvents,

principally TCE with lesser amounts of chemically-related transformation

compounds (Figure 5-1). The fate and persistence of these volatile organic

compounds is controlled largely by the processes of diffusion and dispersion,

adsorption and desorption, volatilization and subsequent resorption, and

chemical and biological degradation.

Diffusion and dispersion are chemical and mechanical processes

which contribute to dilution of specific contaminants within the body of the

plume, but also result in enlargement of the plume. Because TCE and its

related daughter products are generally classified as mobile solutes in water

and therefore have a higher activity in the aqueous phase, their capacity for

transport is only slightly retarded with respect to that due to the flow of

ground water.

The organic compounds observed in the Upper Zone Aquifer in the

Flightline Area are volatile by nature, and any volatilization of these

compounds from the ground-water system could result in their permanent

removal. Although some of the compounds might be adsorbed onto overlying

sediments, historically the Upper Zone Aquifer water table has not changed

significantly, and therefore there is little chance of the compounds being

resorbed back into the ground-water system.

Tetrachioroethene, trichloroethene, cis- and trans-l,2-dichloro-

ethene and vinyl chloride are all chlorinated solvents and related by the

chemical process of hydrogenolysis (Figure 5-1). This process is very common

in nature and may be biologically driven, as a form of biodegradation. Based

on available records and water sampling results, it appears TCE was the
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principal solvent disposed of in the Flightline Area, and the cis- and trans-

l,2-DCE and vinyl chloride detected in lesser quantities are mainly daughter

products of the TCE (and possibly the PCE).

Transport in Ground Water

Using data obtained from the June 1990 Upper Zone Aquifer pumping

test and the potentiometric surface map of the aquifer, the average ground-

water flow rate in the Upper Zone is calculated to be approximately 9 feet per

day. By comparing the TCE contaminant plume position as determined in both

1988 and 1990, it appears the plume is migrating approximately an order of

magnitude slower than the ground water. The contaminant plume migration does

not conform wholly to the ground-water flow direction, which is generally

toward Farmers Branch. A portion of the plume appears to be preferentially

moving through the thickest accumulations of sand and gravel in the Upper

Zone, in a more easterly direction than the shallow ground-water flow. While

Farmers Branch and one of its tributaries are capturing a portion of the

contaminant plume, there is continued plume migration in a generally east-

south-easterly direction from the Flightline Area.

Transport in Surface Water

The two main surface water bodies in the study area, Farmers Branch

and the small tributary to Farmers Branch, were found to contain varying

concentrations of volatile organic compounds. The small tributary exhibited

the greatest degree of contamination, the indirect source of which is believed

to be discharge of Upper Zone ground water. A portion of Farmers Branch that

is upstream of, and therefore unaffected by the Flightline Area sites,

contained volatile organic compounds from an upstream source. Currently, the

estimated concentration of TCE migrating off-site in Farmers Branch is 45

pg/L, and l,2-DCE is estimated at 8 pg/L. Volatilization will reduce the

volatile organic contaminant content of Farmers Branch before its ultimate

discharge into the Trinity River.
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7.1.3 Risk Assessment

Using both the 1988 and 1990 analytical results from soil, ground

water, and surface water samples collected in the Flightline Area, 19 in-

dicator chemicals were selected from the approximately 80 chemicals known to

be present at the site. The indicator chemicals consisted of 10 metals, eight

volatile organic compounds and one semivolatile organic compound. These

chemicals were selected according to the methods in the U.S. EPA Health

Evaluation Manual (l986a). Although several of the indicator chemicals

selected, particularly the metals and the semivolatile compound, are not

believed to represent an actual contaminant problem at the site, they were

included in the risk assessment process to ensure a conservative evaluation of

possible health risks.

Possible mechanisms of contaminant release from the Flightline Area

sites include: 1) volatilization to the air, 2) fugitive dust generation, 3)

leachate to ground water, 4) surface runoff, 5) direct release to surface

water, and 6) contaminated ground-water discharge to surface water. Of these

six possible mechanisms, volatilization to the air, leachate to ground water,

and contaminated ground water discharging to surface water appear to be the

most important release mechanisms in the Flightline Area.

Potentially significant contaminant transport and fate mechanisms

were identified and include: 1) air dispersion, 2) ground-water migration, 3)

discharge to the surface, 4) transport in surface water, and 5) subsequent

uptake by plants and animals.

Results of an evaluation to determine possible human exposure

routes from the six previously mentioned waste release mechanisms (Figure 6-1)

show six potential pathways exist. All six of the pathways initially involve

contaminants volatilizing to the air or leaching to the ground water. Based

on the potential pathways identified, potential human and wildlife receptors

for exposure to contaminants migrating from the Flightline Area were iden-

tified.
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Three types of exposures - inhalation, ingestion, and dermal

contact were quantified in the risk assessment. The maximum predicted annual

average concentrations resulting from estimated Flightline Area VOC indicator

chemical emissions are lower than the conservative TACB Effects Screening

Levels by orders of magnitude ranging from 4 to 8. Potential ingestion

exposures included consuming meat and dairy products or fish exposed to

contaminants, however, neither of these potential pathways were found to

represent a significant threat of human exposure. Dermal exposure to con-

taminants in Lake Worth and the Trinity River was found to be insignificant,

at most. Skin contact with water in Farmers Branch, which is not amenable to

swimming or contact activities other than wading, could result in dermal

exposure, but the insignificance of such potential exposure did not merit

quantification.

The threat to human health posed by the site was evaluated in terms

of noncarcinogenic and carcinogenic risks. The noncarcinogenic evaluation

involved comparing maximum predicted annual average volatile organic con-

taminant concentrations at various locations, both on-site and off-site, with

inhalation Reference Doses (RFDs) for chronic (long-term) exposure. The

results of this comparison indicate the threat of noncarcinogenic health

effects of inhalation exposure to contaminants released from the Flightline

Area is not significant. Concerning carcinogenic risks, seven of the eight

VOC indicator chemicals are potential carcinogens. Incremental individual

cancer risks were estimated for maximum exposed individuals at locations both

on- and off-site. The highest risk of one in 10 million was dismissed as

inconsequential. Ingestion and dermal risks were considered minimal and were

not quantified.

When considering the threat to wildlife and aquatic organisms from

the contaminants migrating from the Flightline Area, the level of contaminants

found in the site surface water bodies were compared to the EPA Quality

Criteria for Water (1986b). Some risk exists for terrestrial wildlife that

use Farmers Branch, the small tributary, or the golf course ponds as a source

of drinking water, as well as for aquatic organisms in these surface water

bodies. Lead was detected in a concentration exceeding the chronic criterion
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for fresh water aquatic life in the westernmost golf course pond (Figure 5-9),

however the reported result is questionable because it was from the dissolved

lead analysis, and the total lead concentration in the unfiltered sample was

less than the chronic criterion. Silver was detected at three locations in

concentrations above the chronic criterion, but all three results were for

total silver. Silver was not detected in the dissolved phase, however, the

detection limit for the analytical method (10 pg/L) was greater than the

chronic criterion. Therefore it is not possible to determine whether any

dissolved silver concentrations exceeded the criterion.

7.2 Conclusions

The following subsections focus on additional data requirements,

recommended ways to obtain the additional data, and the remedial action objec-

tives for the Flightline Area.

7.2.1 Data Limitations and Recommendations for Future Work

The remaining information needed from the Flightline Area is

primarily for more complete definition of the extent of the volatile organic

contaminant plume, and better understanding of the mechanics of ground-water

flow in the Upper Zone. Specifically:

The lateral and downgradient limits of the VOC plume in the

Upper Zone Aquifer;

Identification and characterization of the upgradient, off-

base source(s) of Upper Zone contamination in the Flightline

Area;

The VOC content of the water in Farmers Branch at a location

immediately upstream of its discharge point to the Trinity

River;

7-8



64 176

Computer modelling of ground-water flow and contaminant trans-

port;

Upper Zone Aquifer properties, such as transmissivity and

storage coefficient, near Farmers Branch and the small trib-

utary.

Although estimates of aquifer properties were obtained as a result of the June

1990 pumping test, this test was conducted in an area where the thickest

sequence of sands and gravels observed in the Flightline Area occurs. If, as

anticipated, the selected remedial alternative involves the use of ground-

water extraction wells in areas with thinner, less permeable Upper Zone

sediments, the aquifer properties in these areas will require re-evaluation.

Also, various scenarios of the aquifer response to pumping can be generated

with computer programs.

Specific recommendations for additional work in the Flightline Area

follow. All of these activities could be incorporated into the detailed

design phase for the selected remedial alternative.

1) Installing up to five additional Upper Zone monitor wells to

determine the lateral and downgradient extent of the VOC

contaminant plume. The location of the wells will be selected

to determine the downgradient (easternmost) extent of the

plume, and to determine whether the contaminant plume extends
beneath Farmers Branch to the north. These wells could also
be included in any long-term monitoring scheme to evaluate the

effectiveness of the selected remedial alternative in preven-

ting further plume migration.

2) Performing one round of ground-water sampling and analyses for

volatile halocarbon compounds that includes all Carswell AFB

Flightline monitor wells, and monitor wells previously in-

stalled by Hargis and Associates for AF Plant 4 in the

Carswell Flightline Area and on adjoining AF Plant 4 property.
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Analytical results from this effort would help to determine

the location, nature, and magnitude of upgradient contaminant

sources; define the upgradient limits of Upper Zone ground-

water contamination; and evaluate the degree of continuity of

ground-water contamination beneath AF Plant 4 and the Carswell

AFB Flightline Area.

3) Surface water sampling of Farmers Branch at a point just above

its confluence with the Trinity River. Information gained

through this activity will help in determining the extent of

surface water contamination, will provide information regar-

ding contaminant fate and transport, and will validate as-

sumptions made in the risk assessment.

4) One to two aquifer tests along Farmers Branch and the small

tributary are recoimnended to provide additional information to

support remedial actions.

5) Computer modelling to obtain a better understanding of ground-

water flow and contaminant migration patterns.

7.2.2 Recommended Remedial Action Objectives

The Flightline Area Upper Zone ground water, surface water, and

soils are contaminated with volatile organic compounds. Based on the existing

environmental conditions, the recommended objectives of any remedial actions

are to:

1) Reduce or eliminate potential impacts to human health and the

environment;

2) Reduce or eliminate the potential for future contaminant

migration in the ground water or surface water; and
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3) Reduce, eliminate, or immobilize contaminants in near-surface

soil (Upper Zone deposits).

To identify and evaluate remedial alternatives, potentially con-

taminated environmental media were identified based on previous Flightline

Area investigative results. These media include waste material and con-

taminated soil, Upper Zone ground water, and surface water. Specific remedial

action objectives identified for each of the media are presented in Table 7-1.

Remedial action objectives were developed for each media based upon the

following standards or criteria:

• 70-year cancer risk potential;

• National interim primary drinking water standards maximum con-

taminant levels (MCLs) for organics (40 CFR 141.12 and 141.61)

and inorganics (40 CFR 141.11 and 141.62); and

• Proposed MCLs for organics and inorganics.

Table 7-1 does not list all contaminants that have regulatory criteria or

standards. Instead the table lists those contaminants that were identified as

indicator chemicals in the baseline risk assessment for the Flightline Area.

As previously explained, metals are included as indicator chemicals on the

basis of total concentrations detected. However, the dissolved metals

concentrations detected in the 1990 sampling event do not suggest a metals

contamination problem.
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GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS

AA atomic absorption

AFB Air Force Base

Alluvium stream-deposited sediment; predominantly clay,
silt, sand, and gravel

Aquifer geologic unit capable of storing and
transmitting significant quantities of ground
water

Aquitard geologic unit impervious to ground water which
acts to contain ground water within an adjacent
unit

ARAR Applicable or Relevant and Appropriate

Requirement

Artesian term applied to ground ater confined under

hydrostatic pressure

BLS below land surface

DOD U.S. Department of Defense

ECD electron capture detector

EICP Extracted Ion Current Profile

EPA U.S. Environmental Protection Agency

Evapotranspiration loss of water from the soil both by evaporation

and by transpiration to growing plants

Extraction method for mobilizing contaminant species from a
solid matrix prior to analysis

FDTA Fire Department Training Area

FS feasibility study -

CC gas chromatography

CC/1-ISD gas chromatography/halide specific detector

CC/MS gas chromatography/mass spectroscopy

GFAA graphite furnace atomic absorption spectroscopy

1
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GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS (Cont.)

gpd gallons per day

gpm gallons per minute

Hydraulic Conductivity a coefficient of proportionality describing the
rate at which water can move through a permeable
medium

IRP Installation Restoration Program

MCL Maximum Contaminant Level

MS mass spectroscopy

MSL mean sea level

MS/MSD Matrix Spike/Matrix Spike Duplicate

NCP National Contingency Plan

OEHL Occupational and Environmental Health Laboratory

OVA organic vapor analyzer

O&C oil and grease

PCB polychlorinated biphenyl

PID photoionization detector

piezometric/potentio- an imaginary surface representing the static
metric surface head of ground water defined by the level to

which water will rise in a well

PMCL proposed maximum contaminant level

ppb parts per billion

ppm parts per million

QAPP Quality Assurance Program Plan

QA/QC Quality Assurance/Quality Control

RI/FS Remedial Investigation/Feasibility Study

SOW State of Work

2
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GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS (Cant.)

spike a known amount of a compound added to a sample
and analyzed to determine the accuracy of

analysis

SW-846 EPA test methods for evaluating solid wastes,
physical and chemical methods

TCE trichioroethene

TDS Total Dissolved Solids

TOC Total organic carbon

TOX Total organic halides

TPM Technical Program Manager

Transmissivity the rate at which water is transmitted through a
unit width of an aquifer or confining bed under
a unit hydraulic gradient.

USAF United States Air Force

USAFOEHL United States Air Force Occupational and
Environmental Health Laboratory

USDA United States Department of Agriculture

USGS United States Geological Survey

VOC volatile organic compound

water table the elevation of the ground water surface in an
unconfined aquifer

3
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GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS (Cont.)

Multiplication Factor Prefix Symbol

i,ooo,ooo,ooo,ooo,ooo,ooo—io1-8 exa- E

l,000,0O0,00O,O00,OO0_l0 peta- P
tera- T

l,000,000,000_l06 giga- C

l000P000_103 mega- M

1P000_102
kilo- k

100—10 hecto- h
lO_1O1 deka- da

O.l—lO deci- d

O.0l_103 centi- C

O.OOl_106 milli- a

0.000 OOl_109 micro- u
0.000 000 OOl_10l2 nano- fl

0.000 000 000 001—10
15 pico- p

0.000 000 000 000 001—10 fento- f
0.000 000 000 000 000 ooi_io8 atto- a

ppm(parts per million) — mg/kg,ug/g, ng/mg, pg/ug, mg/L, ug/mL, ng/uL
ppb (parts per billion) — ug/kg, ng/g, pg/mg, ug/L, ng/mL, pg/uL
ppt (parts per trillion) — ng/kg, pg/g, fg/mg, ng/L, pg/mL, fg/uL

4
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APPENDIX A

Lithologic Logs

(Previous Lithologic Logs may be found in CH2M Hill (1984),
Radian (1986), and Radian (1989))
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I DRILLING LOG RADIAN CORPORATION INSTALLATION: CARSWELL AFB, TX I SHEET 1 Of 2 SHEETS I

1. PROJECT: CARSWELL AFB,

I IRP PHASE 1! STAGE 2

I 7. TOTAL DEPTH OF HOLE: 40.1 ft BGL I

I 8. DATIJI FOR ELEVATION SH.dN: sea Level I

I 2. LOCATION: Ftightline Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill 8-61 I

I 3. DRILLING AGENCY: Enviromentat DrilLers. Inc. I 10. NO. OF SAMPLES TAKEN: 17 I

I 4. HOLE NO.: LFO4-O1 I 11. ELEVATION GROUND WATER: 600.26 ft MSL (6/18/90) I

I 5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/23/90 1

6. COORDINATES OF HOLE:

X: 2019579.19 Y: 397653.57

I 13. SURFACE ELEVATION: 626.50 ft MSL 1

I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: 629.24 ft MSL

0

Blow ( Soil

IVisual Description - LRccnarks I
U/CLLR

U/CLLR

U/CLLR

U/CLLR

U/CLLR

(Depth( Graphic

(2

j4

(6

(8

(10

I 12.3

114

116

119

U/CLLR

Clay: Dark brown, slightly silty, very stiff, danp (Full recoveries I

(minor smelt gravel. (unless noted. I

I I I

I I I

Clay: As above, 5 - 10% catcareous material (nodules, I I

Imottling). I

I

I

I

I

I

I

ICIaY: Orange/Brown, silty, minor fine sand, calcareous (Could not cut with

Imaterial — 10 - 20% of saal.e, very stiff. (knife.

I I I

I I I

(Clay: As above, mottling of various coLors is disturbed
( I

Looking. I I

I I I

I I I

(CLay: As above, — 20% green silty clay. (Boring does not
(

I
Iaear to encounter

(

I (fill material (Like I

I (1F0502). I

(CLay: Orange/brown with greenish mottling, silty, ( I

sandy, — 1% catcareous material, firm.
I I

I I I

I I I

Saticf: Orange/brown, very clayey and silty; very fine to
( I

(fine grained, bedding (horizontal) evident, danp: Clays ( I

loccur mainly in 2 - 4 in. sevm — every foot. ( I

Sand: As above. I I

I I I

I I I

I I I

Sand: Burnt orange, fine grained, slightly cLayey, 11.2 ft. Recovery

(danp, quartzose, Clay occurs as thin seams.
I

Sand: Tan, fine grained, loose, >95% quartz, danp; 4.2 ft Recovery.

(oxidation stained laminae 21.5 22 ft.; 0.4 ft. clay
I

(seam 21.1 - 21.5 ft.
I

U/SDSM

::•:•::t

U/SO SM

U/SDSM

U/SD FN

A—3
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I DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 2 OF 2 SHEETS I
1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

1 7. TOTAL DEPTH OF HOLE: 40.1 ft BGL

8. DATIJI FOR ELEVATION SHOWN: sea level I
2. LOCATION: Ftightline Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill 8-61 I
3. DRILLING AGENCY: Enviromentat DriUers. Inc. I 10. NO. OF SAMPLES TAKEN: 17 1

I 4. HOLE NO.: 1F04-O1 I 11. ELEVATION GROUND WATER: 600.26 ft MSL (6/18/90)

5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/23/90 I
6. COORDINATES OF HOLE:

X: 2019579.19 Y: 397653.57
1 13. SURFACE ELEVATION: 626.50 ft MSL

1 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION: 629.24 ft MSL

.

IDepthI Graphic Blow f SoiL

I(Ft.) Log Cout IClass/Code IVisuat Description Remarks

26

25

29

I 32

J34

I 39

40

U/SD FM

U/CLLR

U/CLLR

U/SDSM

U/SDGR

U/SOCk

U/MARL

Isand: As above, heaviLy oxidized 24 - 25 ft.

IClay: Brown, gray in 1 - 2 in. sem, oxidation

jmotthng, sarx*y (fine grained), cohesive, moist;
$getting sandier past 28 ft., wet at 28.5 ft.

ICLaY: Brown, very sandy, saturated, slightly cohesive;

Jsand is very fine to fine grained, — 30 - 40%; 31 - 32
Ift. clay, Little sand; 32 - 34 ft. sand with minor

Ictay.

jSand: Burnt orange (heavily oxidized), fine to mediun

Jgrained, slightLy clayey, shghtly cohesive. Increasing

Icoarseness and 10 - 20% gravels (smalL) 33 - 34 ft.

ISand and Gravel: Orange, 50/50, wet; sands very fine

Ivery coarse grained, poorly sorted; gravels bimodal:

Ichert and quartz gravels, mostly granule and small
pebble size; large gravel (20 - 50 ma) is very

Ifossiliferous limestone clasts.

Sand and GraveL: As above, nunerous shell fragments

jMarl: Limestone, weathered, chalky, fissile.

1W. 1. Measured

Idown augers at 29.6

Jft. BLS, W. L.

lafter conpLetion =

27.5 BLS. 3.6 ft.

Recovery.

to 13.0 recovery at 36

ft.

JSanpler Refusal at

140.0 ft.
Drove 1 1/2 in.

p5.5 ft. sanpLer; 50

Iblows = 1 in.; 7.0.

fr 40.1.
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I DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX I SHEET I OF 2 SHEETS I

I
1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 37.7 ft BOL I

I 8. DATUM FOR ELEVATION SHOWN: see teveL I

1 2. LOCATION: Ftighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLL 8-61 1

I 3. DRILLING AGENCY: EnvirorrientaL DrilLers. Inc. 10. MO. OF SAMPLES TAKEN: 16

1 4. HOLE NO.: 1F0402 I 11. ELEVATION GROUND WATER: 597.45 ft MSL (6/18/90) 1

I 5 NAME OF GEOLOGIST: S. E. Fern I 12. DATE HOLE ESTABLISHED: 3/28/90 1

I

6. COORDINATES OF HOLE:

X: 2020510.50 Y: 397732.54

I 13. SURFACE ELEVATION: 621.00 ft MSL. I

I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: 623.68 ft MSL I

(Depth Graphic BLow Soil. I

IVisuaL Descrtotion
jCtay: Dark brown, siLty, firm, roots, dei,
carbonaceous stening.

I RemarksI(Ft.)

10

12

14

16

(11

113

I 13.5

I 16.5

I 18.5

U/CuR

U/CLLR

U/CLLR CLay: As above.

U/CLLR Clay:

lsai.

U/CLLR

U/SDGR

U/SDLR

U/SDLR

U/SDLR

U/SDLR

IFuLL saLers

Iixites noted.

ICLaY: As above; at 3.0 ft. going to orange/brown, siLty

)ctay with 5 - 10% ceLcareous materiaL.

11.5 ft. Recovery

Orange/brown, very silty, minor very fine grained
stiff, caLcarecus nocMites, carboaceous streaking.

I I

ICtay: As above, increasing catcareous matere( to 30%.
I

I I

I I

I I

Sand and GraveL: Orange, very poorLy sorted, cohesive,
ctayey. siLty, danV, ebudant catcareous material..

I Sand: Orange, fine greined, minor Larger sizes to

coarse, sLightly ckayey and silty, danV.
ISand: As above, increasing coarseness with depth, 5 -
110% smaLl graveLs.

lSand: As above, graveLLy; changing to tan, fine to
Iinedii.r grained, Loose, cJartzose at 18.0 ft., cMn.
I I

I I

Isand: As above, weLt sorted, mediun grained, daftl,; 0.4 13.S ft. Recovery
Ift graveLLy zone at 21.5 21.9 ft.
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB. TX I SHEET 2 OF 2 SHEETS

1. PROJECT: CARSWELL AFB, 7. TOTAL DEPTH OF HOLE: 37.7 ft BGL

I IRP PHASE II STAGE 2 I 8. DATUM FOR ELEVATION SHOWN: sea level I

I 2. LOCATION: Ftighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrIU 8-61 I

I 3. DRILLING AGENCY: Erwirormentat Drillers. Inc. t 10. NO. OF SAMPLES TAKEN: 14

I 4. HOLE NO.: LFO4-02 I 11. ELEVATION GROUND WATER: 597.45 ft MSL (6/18/90) I

I 5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/28/90 I

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 621.00 ft 1451 I

I X: 2020510.50 Y: 397732.54 I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: 623.68 ft MSL I

IDepth

I(Ft.)

Graphic Blow Soil. I I

ioq Count IClass/Code IVisuat Description I Remarks I

o.p
c5b•c
.o.o.
'0•3
'•0-0
.o.a.
0•0<
.b.o.

)00.
d•b•c
)'O-O

'-00
b•oc
0•01
-mcr1

I ii

23.5

28.5

33.5

37

U/SDLR ISanc: Orange/tan, mediun grained, weLL sorted, 14.0 ft. Recovery

Istlrotmd, '90% jartz; 0.3 ft. graveLLy zone at 27 ft.,

saturated at 28 ft.
I

U/SDLR Sand: As above, 1-3% granuLe size graveL. W. L. measured at
28.1 ft. BLS, 5.0

l t. Recovery

U/SDLR Sand: Tan, mediun grained, quartzose, Loose, wet, 5% 3-7 ft. Recovery.

fgravets to 25 am.
I

U/MARL ILimestone: Marty, weathered sand and graveL intermixed, IT.D. = 37.7 ft.

I issiLe.
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I DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 2 SHEETS I

1.

I

PROJECT: CARSUELL AFB, I 7. TOTAL DEPTH OF HOLE: 37.6 ft 501

IRP PHASE II STAGE 2 8. DATU4 FOR ELEVATION SHc1.iN: see level

1

I

1 2. LOCATION: Ftightline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61

[ 3. DRILLING AGENCY: Envirorinental Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 14

4. HOLE NO.: LFO4-03 11. ELEVATION GROUND WATER: 597.58 ft MSL (6/18/90) I

5. NAME OF GEOLOGIST: S. B. Btouit. S. E. Fain 1 12. DATE HOLE ESTABLISHED: 3/20/90 I

6.

1

COORDINATES OF HOLE:

X: 2020506.79 Y: 397683.46

L 13. SURFACE ELEVATION: 620.50 ft MSL I

14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: 623.25 ft MSL I

IDepthl Graphic Blow Soil I I

I(Ft.)I Log Count Class/Code IVisual Description I Remarks I

10

2

14

J6

'B

110

I 12.1

14.5

I
19.5

0.C.
o.o.c
•00
o.o.c

J U/CLAY Clay: Brown, soft to firm, semi-plastic, with fine IFuIL recovery I

I Iroottets and minor carbonaceous streaking and less otherwise

I Iperticles, moist to wet. indicated. I
I I I I

U/CLAY IClay: As above, firm to stiff (stiffens to base), minor IToo stiff to cut.

I Icatcareous debris, more abundant carbonaceous staining, I

I Ivery stiff; 3.8 - 4.0 ft.
I I

I I I I

U/CLLR Clay: Orange/brown at 4.1 ft; brittle, danp. abtxdant IHard pushing. I

Icalcareous debris, stickensided, caLichified with sane I

I lauthigenic minerahzation (crystals of CaCO3 in shell I
I Ifrags.); very hard, silty. I I

U/CLLR ICtay: As above, very stiff, slightly sandy and silty. I I

I I I I

I I I I

I I I I

U/CLLR IClay: As above, few large CaCO3 pebbles (25 sin), Ii ft. recovery. I

I lincreesing clec.reous material with depth, very fine 1ST. Rig broken. )

I Igrained IContinue after
I I Irepeirs. I

U/CLLR Clay: Orange/brown, silty, cohesive, danp, > 30% ICaliche layer at

I Icatcareous material, stiff. 112 ft., drilling j

I I Ithrough. I

I I I I

I 1 I I
I UIDFN Sand: Orange, fine grained, loose, dan, quartzose, I

I Iwell sorted; at 14.3 ft. sharp change to tan, very fine I

I Igrained sand, heavily oxidized in Laminae. I I

U/SAND Sand: Orange, fine to mediun grained, quartzose, dan,

loose; gravelly seem 15 . 15.5 ft.

I

3

I

J

LJ/SDLR ISand: Orange/tan, fine to mediun grained, dairp. Loose,
Isitwound, > 90% quartz. 1 - 3% smaLl gravel and shells.

I'

ft. Recovery.

ft. Recovery.
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I DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 2 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB,

I IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 37.6 ft 801

j 8. DATLM FOR ELEVATION SHJW: see level

I 2. LOCATION: Flightltne Area 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe Drill B-61

I 3. DRILLING AGENCY: Envirorinentat Drillers. Inc. J 10. NO. OF SAMPLES TAKEN: 14

4. HOLE NO.: LFO4-03 J it. ELEVATION GROUND WATER: 597.58 ft MSL (6/18/90)

J 5. NAME OF GEOLOGIST: S. 8. Blort. S. E. Fain J 12. DATE HOLE ESTABLISHED: 3/20/90

6. COORDINATES OF HOLE: J 13. SURFACE ELEVATION: 620.50 ft MSL

I X: 2020506.79 Y: 397683.46 I 14. BACKGROUND:

I 15. MEASURING POINT ELEVATION: 623.25 ft P451

JDepthl Graphic I Blow SoiL J

I(Ft.) 1o Cou,t Class/Code IVisual Description I Remarks

0.0.c
i•0•0•

c5.

24.5
c5.c5•c

0.0.c
•0•0•

d•c5•c0•0
•Q.0.
0.0..c

29.5

00
32 00100

)00
34.5 0000

0000
00

37.5j j5Q

U/SDLR ISand: Orange/tan, fine to medilin grained, wet, Loose, 1W. 1. measured at
jO.5 ft. gravelly zone at 27 ft., quartzose; at 30 ft. 26.3 ft. BIs. 2.6

I Ift. recovery.

U/SDLR Sand: As above, saturated. 13.2 ft. Recovery.

1 I

I I

U/GRVL Ioravel: Varicolored, up to pebble size (30 m), sheLls, I
<10% sand, saturated. J

I I

U/GRVL Ioravet: As above, mainLy small pebble size (5 - 10 nm),

Ishells, sanguLar to s%AxoIsed, Large percentage of J

Ichert. I

U/MARL IMarL: Chalky gray, indurated, oxidation stained ISa1Ler refusal at

IthrOughout. 37.5 ft., drove 1

11/2 in. S.S. 50

Jblows = 1 in.; T.D.

1= 37.6 ft.
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 1 OF 2 SHEETS I

1. PROJECT: CARSLL MB,
I IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 25.4 ft BGL I

8. DATUM FOR ELEVATION SHOWN: sea level I

J 2. LOCATION: Flightline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

J 3. DRILLING AGENCY: Envirorinentat Drillers, Inc. 10. NO. OF SAMPLES TAKEN 10 1

j 4. HOLE NO.: LFO4-04 11. ELEVATION GROUND WATER: 595.32 ft MSL (6/18/90) I

J 5. NAME OF GEOLOGIST: S. E. Fain 112. DATE HOLE ESTABLISHED: 3/20/90 1

6. COORDINATES OF HOLE:

J X: 2021365.82 Y: 397554.53

13. SURFACE ELEVATION: 609.40 ft MSI

14. BACKGROUND:

J I 15. MEASURING POINT ELEVATION: 612.07 ft MSL

IDepthl Grapflic Blow Soil
I I

I(Ft.) L0Q Cotxit IClass/Code Ivisuat Description I Remarks I

J

I

i

0 /'/'/// I

I

U/CLLR IClay: Red/bro,, sandy, silty, das, cohesive, roots;

Jincreasing sand with depth.

I

FutL sasple
recoveries tzitess

(noted.

I

(

(
1.5 U/SOSM Sand: Red/bro,, ctayey, cohesive, minor small gravel, (1.6 ft. Recovery. j

J

I

.
I

I

Jdanp, decreasing clay content with depth.
I

I

I

I

I

I I I I I

I I I I I
4 . . . . U/SAND Sand: Orange, fine to mediun grained, slightly I I

I (cohesive, quartzose, danp, subangular to subroqrded. I

I I I I I

I .... I I I
6 U/SAND Sand: As above, only tan arid loose. 1.7 ft. Recovery.

I

I I I I I

I
....

I I I I

I I I I I

I
8

I U/SAND Sand: As above, danp. 1.5 ft. Recovery.

I ....
I I I I

I I I I I

I

I

I

10
I

j

(

I

I

I

U/SDLR
I

Sand: Tan with occassional iron stained thin beds,

loose, danp, fine to mediun grained; 1 - 3% gravels

istartng at 12.5 ft.

I

i

I

13.7 ft. Recovery.

I

I

i

I

I

I

I

I

I

I 5•bc5
I

I

I

I
I

I

I

I

I I I I I

I

I

:

i

13.7 •b.b

cic

I

I

:

U/SDGR Sand and Gravel: Fine sand to pebble size gravel,

Islightly ctayey, shelLs, 50/50 sand to gravel, mainly

Iquartz/chert, wet.

:

I- ft. Recovery.

I

{
,

I

I

I

i
I I I I I

I )Q•Q I I I I

I .Q.c. I I I I

I I I I I

I

I

19 bb
ici.ci I

I

U/GRSM Ioravel and Sand: As above, but graveL content
Iincreasing to 70%, gravels urstly 5 - 10 sin; but some

It .0 iivn, sand mainly coarse grained, Limestone ctasts;

14.0 ft. Recovery.

I

I

I
I

i

I

:)oc)
T)OC)

I

i

i

123 24 ft. slightly indurated - increased Limestone

Icontent.

i

i
i

I

i

I

A— 9
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 2 OF 2 SHEETS I

1. PROJECT: CARSUELL AFB, I 7. TOTAL DEPTH OF HOLE: 25.4 ft BGL I

TRP PHASE II STAGE 2 I 8. DATLJ4 FOR ELEVATION SHOWN: see tevet I
I 2. LOCATION: Ftighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLL B-61 I

I 3. DRILLING AGENCY: Erwiror.nentet DriLLers. Inc. I 10. NO. OF SAMPLES TAKEN: 10 1
I 4. HOLE NO.: LFO4-04 I 11. ELEVATION GROUND WATER: 595.32 ft MSL (6/18/90) 1

I 5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/20/90 I

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 609.40 ft MSL

I X: 2021365.82 Y: 397554.53 I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: 612.07 ft MSL I

IDepthI Graphic BLow SoiL
I I

I(Ft.) Log I Count ICtass/Code IVisuat Description I Remarks I

I

i

jjT'ic•b
•;—:i•:i::i••

.Q.Q

i

I

i

i

I
i

i

I
I
i

i

I

I

i
I P:P:! I I I

24 D•OO I U/GRSN GraveL and Sand: As above. I I

I

I 25 1 50

I

I U/MARL

I

ILimestone: (Mart) White/gray with iron staining in
I

lSanvter refusaL at

I
1

I I I I Ifractures. incjrated, shatey parting. 125.0 ft., weLt I

I I I I I Idrive 5.5 ft.; 50 I

I I I I I IbLows = 4.0 in.;

I I I I I 11.0. = 25.4 ft.

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

i I I i I I I

I I I I I

I I I I I I I

I I I I I I

I I I I P I

I I I I I I

I I I

I

I

I

I

I

I

I

I

I

I

I

I I

I I

I

I

I

I

I

I

I

I

I I I I I I I

I I I I I I I

I I I I I
—

I I

I I I I I I

I I I I I I

I I I I P I I

I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I
I I I I I I I

I I I I I I

I I I I I I I

I I I I I I

I I I I I I I
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DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET I OF 2 SHEETS

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 26.1 ft BOL

I TRP PHASE II STAGE 2 J 8. DATUM FOR ELEVATION SHOWN: sea Level

2. LOCATION: F(ighttine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe Drill B-61 I

1 3. DRILLING AGENCY: Enyirorvnentat Drtlters. Inc. J 10. NO. OF SAMPLES TAKEN: 12 1

4. HOLE NO.: LFO4-05 11. ELEVATION GROJND WATER:

I 5. NAME OF GEOLOGIST: S. B. Bloist J 12. DATE HOLE ESTABLISHED: 3/28/90 I

6. COORDINATES OF HOLE: j 13. SURFACE ELEVATION: 608.80 ft MSL I

I X: 2020805.42 Y: 397347.91 I 14. SACKGROWND: I

I I 15. MEASURING POINT ELEVATION: I

JDepthI Graphic
ha

Blow SOIL I I

'/Code IVisual Descriotlon - I Remarks I

U/CLLR

U/CLLR

U/SDSN

10

12

J4

16

8.8

11.1

112

14

116

119

U/SDGR

U/CR SN

U/CLLR ICtay: Dark broi.m grading to bro and orange mottled, IFuIL sanp&ers

Ifine roots, soft to firm, dmip, silty with minor (< 5%) Irtes noted

catcareous debris and carbonaceous streaking. lotherwise.

I I

U/CLLR Iclay: As above, catcereous debris in small caliche Ii ft. Recovery.

Ipockets (<5 ma).

I I

IClay: As above, calcareous debris zone 4.6 - 4.9 ft., Ii ft. Recovery.

lotherwise Less than 5%; softer, moist. I

I I

I I

Ctay: As above, mottling decreased - miform orange 11.5 ft. Recovery.

color; catcareous debris and rootlets c 2%; increased
IsiLt to almost clayey silt.

I

I I

I I

Isand: Tan/buff at 8.8 ft.; very fine to fine grained, J1.5 ft. Recovery,

moderate to poor sorting, sthangutar, quartzose with $Very sharp contact,

J95z quartz and heavy minerals, very Loose, danp, minor Isamvle disturbed
Iclay lenses at top, few coarse shell franents. 1Cm pIle).

ISand and GraveL: at 11.1 ft. sand is as above, oxidized Ii ft. Recovery.

orange, wet, very poorly sorted; gravel is — 30%,

average 10 nm, CaCO3, minor clay makes entire sanple

Ifeirly cohesive; Clay increases to 13 ft.
I

Gravel, Sand, and Clay: As above, gravel 40%. Water in hole at

I 112 ft.; U. L. =

I 12.72 ft., 13 to 14

I
I t. no recovery.

brevet and Sand: As above, with minor clay. I

Gravel and Sand: Orange, 60% + gravel, average 20 ma up IPoor recovery;

Ito 80 mi; very poor sorting, sLi,rolrded; coarse Igravet slipped Out.

Ifraction predominantly CaCO3 frogs; finer fraction
ipredominantLy vorictored sthrot,ded quartz grains; some

Jsm.lt shell frags (sand sized), very loose; wet. I

Gravel arid Sand: As above, gravel is 'coarse' as above Possibly gravel

- average 20 nm; sand is fine to coarse grained, lonly; salTpte poor;
I quartzose, Loose, wet, very pony sorted, subangutar. sand recovered may

I Ibe stuff.

U/GRSI4

U/CR SN

U/CR SM
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX SHEET 2 OF 2 SHEETS

1. PROJECT: CARSWELL AFB,

IRP PHASE TI STAGE 2

7. TOTAL DEPTH OF HOLE: 26.1 ft 861

8. DATLI FOR ELEVATION SHOWN: sea level I

I 2. LOCATION: FlightLine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL B-61 I

I 3. DRILLING AGENCY: Envirorinentat DrilLers. Inc. 10. NO. OF SAMPLES TAKEN: 12 1

I 4. HOLE NO.: LFO4-05 11. ELEVATION GROUND WATER: I

I 5. NAME OF GEOLOGIST: S. B. Blount 12. DATE HOLE ESTABLISHED: 3/28/90

6. COORDINATES OF HOLE:

I X: 2020805.42 Y: 397347.91

1 13. SURFACE ELEVATION: 608.80 ft MSL I

14. BACKGROUND: I

(Depth( Graphic ( Blow
(

Soil I

I(Ft.) Log Count ICtassiCode IVisuat Description I Remarks

I I I I I

I

i

).P.•p.: I

I

I

I

I

I

I

I

I

I

I

J

i

j

I

...
24

.

25.8I -I 50

I

I

I

j

)

I

I

I

U/GRSN

U/MARL

I

I

I

(Gravel and Sand: As above, good coarsening downward
seq.. fine to mediun grained sand to sand and gravel
(clean fine gravel to coarse gravel; sand is same as

(to 12 ft.

Mart: Highly calcareous, fissile, semi-indurated,

shatey clay; Light to meditan grey, heavily oxidized

to

11

I

I

I

(

J

j

(Refused at 26 ft.

Iwent in with SS; 50

I

I

I

I

I

I

I

J

I I I I
(between tamina, harder to base (clay-like at top). (blows went c 0.1

I

I I I I Ibrittle, wet. Ift. Abundant coarse
(

I I I I I (gravel on augers (

I I I I I
Iwhen removed. T.D.

(

I I I I I lat 26.1 ft.. Hole
(

I I I I I
(caved to 14.5 ft.

(

I I I I I (after auger (

I I I ( (removal. (

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I
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64 202
I DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB TX I SHEET 1 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB,
I IRP PHASE II STAGE 2

J 7. TOTAL DEPTH OF HOLE: 31.5 ft BGL

J 8. DAT1J FOR ELEVATION SHOWN: sea Level

I 2. LOCATION: Ftihtine Area
I 3. DRILLING AGENCY: '\Envirorrental Drillers. Inc.

J 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

J 10. NO. OF SAMPLES TAKEN: 13

I 4. HOLE NO.: 1F04-06'\ J 11. ELEVATION GROUND WATER:

I 5. NAME OF GEOLOGIST: S. B. Btotrt j 12. DATE HOLE ESTABLISHED: 3/28/90 I

6. COORDINATES OF HOLE: J 13. SURFACE ELEVATION: 613.30 ft MSL

I X: 2020593.25 Y: 397210.60 I 14. BACKGROUND:

I 15. MEASURING POINT ELEVATION:

(Deptht Graphic Blow Soil
J I I

((Ft.) Log Cout (Class/Code (Visual Description I Remarks I

I

I

I

i
I

0

2

//'//'/

///,/'///',//,,//,//
I

I

I

U/CuR

U/CLLR

IClay: Brown, soft to firm, semi-plastic, sandy in

(intervals (1 - L5 ft), rootS, moist, minor catcareous

Iflecks.

I

ICtay: As above.

IFull recovery

ILmIess noted

(otherwise. 1 ft.

(Recovery.

(

(

I

(

I

(

(

(

I

J

;

3.3

5.4

,,/'//////
////,////'/,/,
/,,/,/,
/,/',/

/:i:://////

U/CLLR

U/SAND

IClay: Brown, firm semi-brittle, ab.ridant calcareous
jdebris, dry to danq, minor roots, caliche zone to 5.4
(ft.; caliche is dry, white/brown mottled, brittle,
(sandy with calcareous and cerbonareous debris.

(Sand: Orange, very fine greined, sLè,rounded, moderately

Isorted, quartzose WI < 95% quartz, dry, Loose w/ minor

roottets, few shell franents < 3 mn.

I

(

I

(

(

(Sharp contact.

I

I

( 8 ..o.oo
U/SDLR (Sand: As above, cLayey soil horizion at top with

pebbles (calcereous), roots.

(Musky odor.

I

I P:P:. I I I I

10 :).-) 9,17,17 U/SDLR (Sand: As above, thin pebble layer at 10.2 - 10.5 ft. (ST refusal at 12

I -OO I ((pebbles calcareous and up to 15 am); sand below very Ift.; drive SS.

I bc I Ifine grained with some coarser fraction, poorly sorted, ( I

I

I

I 14

CCi.bi

•Q•Qt

I

I

UISDLR

(few catcareous pebbles 10 nm, minor shell frags,

single gravel clast . 25 mi.

(Sand: As above. I

I

(

I

i •ç•p. i i

I

I

J

I

I

I

16
)co•ob.bb-
-P:P.
j.Q.Q

I

I

(

I

(

I

j

U/SDLR

I

I
Sand: Yellow-orange, very fine grained, siAangular,
Imoderately well sorted, quartzose 95% quartz, loose,
(moist to 17.5 ft., moist to wet to 19 ft., wet below;

(minor gravel 1% throughout; color

ILmninations/mottling, coarsening downward.

I

I
I

I

(
(

J

I

I

I

I

I

(

(

I

I P:P:! I I I I
(

I

20 2)-00

b•b
•cj.j

(

j

j

U/SOLR (Sand: Light brown/tan, very fine to meditgn grained,
(very poorly sorted, angular, quartzose with 5 - 10%

(heavy minerals, Loose, saturated, rock franents (very

(coarse sand/fine pebbles) increase to base — 25% from

(Water in hole at

(20 ft. Sand and

(gravel. j

I

A— 13



64 203
DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX SHEET 2 OF 2 SHEETS

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 31.5 ft BGL

TRP PHASE II STAGE 2 8. DATUM FOR ELEVATION SHOWN: sea level

I 2. LOCATION: Ftfght(ine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill S-61

3. DRILLING AGENCY: EnvirorvnentaL Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 13

I 4. HOLE NO.: LFD4O6 1 11. ELEVATION GRJMD WATER:

I 5. NAME OF GEOLOGIST: S. B. Blount 12. DATE HOLE ESTABLISHED: 3/28/90 I

6. COORDINATES OF HOLE: 1 13. SURFACE ELEVATION: 613.30 ft MSL

I X: 2020593.25 Y: 397210.60 1 14. 8ACKGRWND:

I 15. MEASURING POINT ELEVATION:

Depth( Graphic Blow Soil
I

kFt. Log Count fClassfCode IVisual Description I Remarks

I

pc
I 123 -24.1 ft.; sand at base, few Large coboles.

QQl i I I

I •Q•Q•cl I I I

) i•bI I I

I

I

I

25

26.2

•b.b.•o•o
.P:PJ
00(j

I

I

I

(

U/SDLR

U/GRSM

I

Sand: As above.

I

IGrSVCL and Sand: Gravel is very poorly sorted from 2 to

I

I

I

(

i
I

j :)•O•Q I (30 m, conosed of iartz, calcareous Lithoclasts and (

I •Q•Q I (shell fragments. Sand is as above. I I

I 3.b.bI I I I
I

I

}

I

29.6

•bb)CO
QQPI

I

I

(

I

U/GRSM

1

I

(Gravel, Sand, and Clay: Highly calcareous, chalky,

(soft.

1

I

(Mild HG odor at
(bottom of sanple.

I

j 31 1 ( U/MARL (Marl: fissile, irójrated, light grey, calcareous, IRefused at 31 ft. I
I I I I Ibrittte, shaley. (Minor merly fregs at bottom of sanple (Could not saITVLe

I I I I 1= basis for description) (with SS. Cave in.

I I I (WILL enter with bit
I I I I I lend obtain soLid

I I I I I (bit refusal. Entire

I I I I (recovery fell; j

1 I I I I (Driller says bit I

I I I I I (refusaL at 31.5 ft.

I I I I I (T.D. at 31.5 ft.

I I I I I I
I I I I I
I I I I I .

I I I I I I

I I I I I j
I I I I I

I I I I I I

I I I I I

I I I I I
I I I I I

I I I I I (
I I I I I

I

I

I I
I I

I
I

I I

I I

I I I I

A— Li



64 204
I DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX SHEET 1 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB,
I IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 39.1 ft 501
I

I 8. DATLJ4 FOR ELEVATION SHOWN: sea tevet
I

I 2. lOCATION: FLiqhtLine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLl 8-61 I

I 3. DRILLING AGENCY: Erwiroiinentat DriLlers. Inc. I 10. NO. OF SAMPLES TAKEN: 15 I

I 4. HOLE HO.: IFO4-07 I 11. ELEVATION GROUND WATER:

I 5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/19/90 I

6. COORDINATES OF HOLE:

I X: 2020897.22 Y: 396819.74

I 13. SURFACE ELEVATION: 630.40 ft MSL I

I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: I

IDepthI Graphic

Jif1

0

I I IlViut fl.cerinti iRemarks I

U/CLLR

U/CuR

U/SILT

U/SDVF

U/SDVF

ICLaY: Dark Brown, siLty, firm to stiff, dea, roots; FuLL sanpte I

calcareous nodLes abLxudant 3 - 4 ft., carbonaceous recoveries xiLess

Istreaks. Inotec. 1 ft. I

IRecovery. I

I I

I

I

I

I I I

I I I

ICtay: As above, Orange/Brown, getting sittier, stiff.

I

I

I

I

I

I

I

I I I

ISiLt: Orange/Brown with very fine sand, dry, cohesive, I

IabuKnt catcareous noWtes and infitLed fissures,
I

Icarbonaceous staining in taninae.
I I

I I I

I I I

I I I

I I I

ISand: Tan, very fine grained, loose, dry, welt sorted. Pushed 1.5 ft. SS.

I Isa1vLer. I
ls&id: 11.5 ft. Recovery. I

I 6.5

I 9.8

110

115

118

20

As above,dry.
I I I

I I I

I I I

I I I

I I I

I I I

I I

I As above, sLightly ioWrated in places. 12.5U/ SD V F

......... I I
Sand: ft. Recovery.....

I I I I

......... I I I I

I I i•••.......
I

I

1

I

I

I

I

I

U/SAND Isand: Orange/Tan, very fine grained to fine grained
I.

.
I

I

Istightty injrated in pLaces, trough

Ioxidation staining in Laminae.
cross-Laminated, I I

I

I I I••.
U/SAND Isand: As above, dry. ft. Recovery.... I I I I

I I I I....
I I I I

A— 15



64 205
I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX SHEET 2 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB,

I IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 39.1 ft BGL
I 8. DATUM FOR ELEVATION SHOWN: sea level I

I 2. LOCATION: Flightltne Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLl 8-61 I

I 3. DRILLING AGENCY: Envirorinentat Drt(ers. Inc. I 10. NO. OF SAMPLES TAKEN: 15

I 4. HOLE NO.: 1F04-07 I 11. ELEVATION GRQJND WATER:

I 5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/19/90

6. COORDINATES OF HOLE:

X: 2020897.22 Y: 396819.74

I 13. SURFACE ELEVATION: 630.40 ft MSL

I 14. BACKGROUND:

loepthl Graphic
((Ft.) Log

Stow Soil I
Cout IClass/Code (Visual Description I

25

o.o.c

o.o.c
28 •

30 .•.• .• .• .J

• . . I i

38.21 J 1150

I I

I I

U/SDGR ISand and Gravel: Tan, 50/50, gravel is mainly granule

size (chert end shell franents), Loose, dry,
Isubrounded. J

U/SDGR ISand and Gravel: As above, dry, poorly sorted, very 12.7 Recovery.
Ifine sand to pebble size gravel (10 m). I

I I

U/SDVF JSand: Orange, slightly clayey (28 - 29 ft.), dan, very

Ifine grained. I

I I

I I
U/SDFN JSand: Orange/Tan, fine grained, Loose, slightly dan,, J2.3 ft. Recovery.

I well sorted, quartzose. I

U/SDFN Sand: As above. f

I I
I I

U/SDLR Sand: Orange/tan, danV, fine to mediun grained, Loose; IV. L. measured at
- 3% smelL gravel 37 . 38.2 ft., wet, mediun to 137.0 it., 2.5 ft.

coarse grained. Recovery, Auger
- I Irefusal at 38.5 ft.

U/MARL Isarl: Whitish Gray with oxidation staining, IDrove 15 in. S.S.;
Icalcareoun, inWrated. 150 bLows/ 3/4 in.;

38.6 ft. T.D.

A- 16



64 206
I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 1 OF 3 SHEETS

1. PROJECT: CARSUELL AFB,

I TRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 47.4 ft BGL

I 8. DATUN FOR ELEVATION SHOWN: see Level I

I 2. LOCATION: Ftighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill. B-61 I

I 3. DRILLING AGENCY: Envirorinental Drillers, Inc. I 10. MO. OF SAMPLES TAKEN: 17 I

I 4. HOLE NO.: LFO4-08 I 11. ELEVATION GROUND WATER: I

I 5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/19/90 I

6. COORDINATES OF HOLE:

I X: 2020021.91 Y: 396935.08

I 13. SURFACE ELEVATION: 630.00 ft MSL I

I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: I

Blow SoiL

IVicuMi flqgrintiôn I R..rnrkc

U/CLAY

U/CLLR

U/SILT

U/SDFN

U/SD FM

IDepthl Graphic

ID

12

I 8.1

I 10

114

117

119

Clay: Dark Broai, stiff, dae, roots, calcareous IFUIL saaple I

lnoLes at 3.5 - 4.0 ft. recoveries LX'Itess

I
noted.

I

I I I

Clay: As above, silty. I I

I I I

I I I

I I I

I I I

I I I

I ISilt: Orange, sandy (very fine grained), dry, cohesive, INo Recovery; could J

I carbonaceous spotting. mat get sante out
I I lof shelby ti.e,
I I IDescription based
I I Iontopandbottcm I

I I lof saeLe. I

I I I I

I Isand: Orange/tan, fine grained, Loose, dry, weLl I

I sorted, s.tro.nd, quartzose. I I

I I I I

I Isand: As above, horizontal bedding seen in/as minor I

I Icolor changes, dry; going to tan at 12 ft.
I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I
U/SDFN lSer: As above. Started with 5 ft.

I

I I fsairtter at 14 ft., I

I I 3 ft. Recovery.
I

I I I I

I I I I

I I I I

I U/SAND ISand: Tan, very fine to fine grained, dry to slightly I

I Ida,, > 95X quartz, sangular to sLtrotxd, frosted. I

I I I I

U/SAND Isand: As above, stiLL dry, mainly fine grained. 13.5 ft. Recovery.

A-17



64 207

I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AEB. TX I SHEET 2 OF 3 SHEETS I

1. PROJECT: CARSWELL AFU,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 47.4 ft BGL I

I 8. DATLP FOR ELEVATION SHN: see Level I

I 2. LOCATION: Flighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

I 3. DRILLING AGENCY: EnvtrorsnentaL Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 17 1

I 4. HOLE NO.: LFO4-O8 I 11. ELEVATION GROUND WATER: I
I 5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/19/90 I

6. COORDINATES OF HOLE:

I X: 2020021.91 Y: 396935.08

I 13. SURFACE ELEVATION: 630.00 ft MSL I

I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: I

Blow

IVisual Descrotion I Remarks

U/SDLR

Soil

ICLass/Code

U/SAND

lDePthI Graphic
Ji

I 24

I 25.

129

I 33

134

I 37

I 39

U/SDLR

U/SDLR

U/SDLR

Sand: As above.

Sand: Gravelly, very fine sand to pebble size (20 m)

gravel, dry to slightly deep, gravel mostly chert, 0.1

ft. white fossilferous Limestone bed at 28 ft. Tan fine

sand 28.1 ft. to 29 ft.; gravels — 5% - 10%.

Sand: Tan, fine to mediun grained, Loose, dry,
quartzose, I . 3% chert gravel.

Sand: As above, increasing gravel to S . 10% at 33 34

ft.

ISand: As above, wet, fine to mediun grained.

IMarl: Gray, fossiliferous, weathered; intermixed with

sand and gravel, wet, gravels are granule and pebble
Isize, mainly chert.

Marl: Thin beds and gravel size pieces of limestone

Iinter,tiixed with sand, gravel, and sheLls, wet, shaley.

3.2 ft. Recovery

14 ft. Recovery

W. L. measured at
135.2 ft. BLS.. 1.5

If t. Recovery.

IPlot good Limestone

br shale. Still

significant sand

land gravel.

13.6 ft. Recovery.

U/MARL

U/MARL

A— 18



64 208
I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 3 OF 3 SHEETS

1. PROJECT: CARSUELL AFB, I 7. TOTAL DEPTH OF HOLE: 47.4 ft BGL I

I IRP PHASE II STAGE 2 I 8. DATL FOR ELEVATION SHOWN: sea level

I 2. LOCATION: Ftightlfne Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

I 3. DRILLING AGENCY: Eny:rocvnental DriLlers. Inc. I 10. NO. OF SAMPLES TAKEN: 17

I 4. HOLE NO.: LFO4-08 I 11. ELEVATION GRWND WATER:

I 5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/19/90

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 630.00 ft MSL

I X: 2020021.91 1': 396935.08 I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION:

Graphic Blow J Soil
ICLassICode LviuaI Description I RmrIs

150

IDepthI

JI
I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I " U/MARL IMarL: As above, inckirated limestone beds (0.1 0.3 IDritting through

I I f ft.) intermixed with gravelly sand. Imarl, looking for
I I I lauger refusal.
I I I I I

I I I I I

I I I I I

47 U/SHLE Shale: Dark Grey, inc.jrated, fissile, no fossils, Auger refusal at
I I I I Ihomogeneous. ft.; 50 blows I

I I I I I jfor 0.4 ft.; T.D.

I I I I I (47.4ft. j
I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I .1

I I I I I I I
I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I
; i s

— i I
I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I ' I

I I I I I I I

I I I I I I I

I I I I I I I
I I I I I I I
I I I I I I I

I I I I I I I
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64 209
DRILLING LOG RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 3 SHEETS I

1. PROJECT: CARSWELL AFB, 1 7. TOTAL DEPTH OF HOLE: 47.0 ft BGL

IRP PHASE II STAGE 2 I 8. DATI)I FOR ELEVATION SHc.N: sea Level

I 2. LOCATION: Ftight(ine Area 1 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL B-61

1 3. DRILLING AGENCY: EnvromentaL Drillers. Inc. 1 10. NO. OF SAMPLES TAKEN: 17

4. HOLE NO.: LF04O9 I 11. ELEVATION GRWND WATER: I

I 5. NAME OF GEOLOGIST: S. E. Fan I 12. DATE HOLE ESTABLISHED: 3/6/90 I

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 627.40 ft MSL

I X: 2021145.70 Y: 397136.15 I 14. BACKGRXJND: I

I I 15. MEASURING POINT ELEVATION:

IDepthI Graphic BLow Soil

J(Ft.) log I Coxt IClass/Code IVisuaL Description

I
Remarks

0 UICLLRI

I

I

I

I

I

,/'J
,/,/'/

4

8 /

I

I

I

t

1

I

U/CLLR

U/CLLR

Clay: Brown, going to red/brown at 2 ft., silty, moist;

let 2.7 ft. dry, crtrbLy, very stiff, roots, minor

icarbonaceous staining.

Clay: Brown, silty, minor very fine grained sand,

'

iCtey: As above, Red and Brown mottled, dry.

Top soil first 1
(ft.; Using 5 ft.

lS.S. saspLer; 4 in.

, 3 1/2 in.

I

(

( 9.6 :.. U/SAND Sand: Orange, very fine to fine grained, quartiose, l3. Recovery

I I dam, Loose. I( 12.5 ft.).
I .•.. I I I

11.5 U/SDGR JSand and GraveL: Orange/ten, poorly sorted, loose,

I (daap, nunerous shells, gravels to 20 nun.

I OOC I

I •b•b.
I .r I I
14 . . U/SAND ISand: Light tan, very fine to mediun greined, Loose, 12.5 ft. Recovery.

I Idry, various mineralogies. I

I

16

ib U/SDGR ISend and GraveL: Tan, very fine sand pebble size
Igravet, Loose, dam, nunerous shells, various
mineralogies.

J

I

I

I 17 U/SDVF ISand: Tan, very fine grained. quartzose, Loose, dry. (

I lLL sorted, srotrd, slightly indurated and Laminated
I . (18.5 . 19 ft.
I

I

I

i
I

19

•d-b..
. . . .
.Q.Q.P•00•

U/SDGR ISa and GraveL: Orange/tan, poorLy sorted, 50% sand

(50% graveL, rsjnerous pelycepod? shells, loose, danp;
JO.2 ft. brown clay seam at 22 ft.; gravels to 30 nun,
(stAroud.
i

3. Recovery.
(

(

1

i
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E4 210

DRILLING LOG RADIAN CORPORATION I INSTALL.ATIOW: CARSWELL AFB. TX SHEET 2 OF 3 SHEETS

1. PROJECT: CARSUELL AFB, I 7. TOTAL DEPTH OF HOLE: 47.0 ft BGL 1

I IRP PHASE II STAGE 2 8. DATUN FOR ELEVATION SHOWN: sea Level I

I 2. LOCATION: FtightLine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61

I 3. DRILLING AGENCY: Envirormental DriUers. Inc. 10. NO. OF SAMPLES TAKEN: 17 I

I 4. HOLE NO.: 1F04-09 11. ELEVATION GROUND WATER:

I 5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3/6/90

6. COORDINATES OF HOLE: 13. SURFACE ELEVATION: 627.40 ft MSL

I I 15. MEASURING POINT ELEVATION:

JDepth( Graphic ( Blow Soil
( I

f(Ft.) Log Cot.rit ICLass/Code IVisual Description I Remarks

o.o.c00
o.Q.c
0-0
•00

•ö:d.•c
•0•0•

'0'0
cd•c
.a.o.

.o.o.
ao.c

I 25

(29

30.5

32

(34

I 39

I I

I I

I

(

U/SDLR Sand: Tan, fine greined, > 90% quartz, dry, loose, well

(sorted, s.Iangular to srouuded, minor small graveL.

I

I

I

I

(

I

I

J

I

U/SOLR

U/MARL

I

I

I

I

(Sand: As above, increasing gravel.
I

I

(Marl: Limestone thin beds (0.1 - 0.3 ft.) with gravel

(size material interlayered, semiconsolidated.

( U/MARL Mart: As above, dan, slightly consolidated, fissile in

places, various gravel size particles.

I

I

I

U/MARL

I

Marl: As above, nunerous small shells, abundant chert
(gravel, wet; some gravels are si1ro.md.

I

I

I

I

I

I

I

I

'

I

UIMARL
I

(Marl: As above.

I

(3 ft. Recovery.

(Stilt relatively

(easy drilling.

Iweathered
Itimestone?

Wet at 34 ft.

((measured W.L. = 33

Ift. 10 in.). StiLt

easy drilling.

(Quit sanling,

(drilling to

(determine depth to

(auger refusal.
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64 211

DRILLING LOG RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX I SHEET 3 OF 3 SHEETS

1. PROJECT: CARSWELL AFB

I IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 47.0 ft BGL I

8. DATI.M FOR ELEVATION SHOWN: sea leveL I

I 2. LOCATION: Ftighttine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61
I 3. DRILLING AGENCY: Enviroi-inental Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 17

I 4. HOLE NO.: LFO4-09 11. ELEVATION GROUND WATER: I

I 5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3/6/90

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 627.60 ft MSL

I X: 2021145.70 Y: 397136.15 I 14. BACKGROUND: I

I 15. MEASURING POINT ELEVATION: I

IDePthI Graphic Blow Soil
I

I Remarks

44 U/MARL Marl: As above.

U/MARL

I I

I I I

I I I

I I I

I I I

I I I

I I IDescriptions based

I I I (on returns and

I I I (drilLitg speed.

I I I
(Auger refusal at 47

I I I Ift.. No drager tube

I I I Idetection (2/9) at

I I J Itop of auger.

I
'

I I IMart: As above. (

I I I I I

I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I

'
I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I j

I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I j

I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

A- 22



64 212

I DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSIELL AFB, TX SHEET 1 OF 3 SHEETS

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 69.1 ft BGL

I IRP PHASE II STAGE 2 I 8. DATLJS FOR ELEVATION SHOUN: sea Level I

I 2. LOCATION: FLightline Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL 8-61 1

3. DRILLING AGENCY: Envirormientat Drillers. Inc. 1 10. NO. OF SAMPLES TAKEN: 18 I

I 4. HOLE NO.: LF0410 I 11. ELEVATION GROUND WATER: 596.05 ft MSL (6/18/90) 1

I 5. NAME OF GEOLOGIST: S. B. Btotsit 1 12. DATE HOLE ESTABLISHED: 4/2/90 I

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 626.90 ft MSL I

I X: 2021275.03 Y: 397025.34 I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION: 626.54 ft MSL

Depth

lift.)

Graphic BLOW SOIL

Log I Couit IClass/Code IVisual Description I Remarks I

0 U/CLLR

2

4

4.7

6

B

10

12

14

19

,/,/,,/j I

I

J

I

// ,/// I

//1:/// I

I

I

//,/' I

U/CLLR

U/CLLR

U/CLAY

U/CLAY

IC1ay: Brown with orange mottling, soft to firm, dan,
Iminor carbonaceous streaking, si-pLastic, silty seam,
j(parting) at 1 ft.. Coaly fragments. 0 to 0.05 ft.

Clay: As above, very siLty to 3.2 ft., beLow 3.2 ft.
thas no siLt, Orange/brown, plastic, firm, minor

carbonaceous streaking.

CLay: Very silty to 4.7 ft.. Same as 2 - 3.2 ft..

CLay: Burnt orange, firm to stiff, semi-plastic, daa,
Iwith carbonaceous streaking, and minor caLcareous

Idebris; with calcareous debris concentrated from 5.6 -

Clay: As above, to 7.8 ft., catcareous debris,
Iconcentrated in 'caliche' Layer 7.5 - 7.8 ft.

JFull recovery
IixLess otherwise
noted. Windy.

I'Contact' (fiLl

Imateriat on top?).

I

lSharp 'contact'.
J

IHard pushing.

I

J

I.
J U/SAND Sand: Very fine grained, moderately sorted, Sharp contact, 1.5
I s-romded, Burnt Orange (oxidized), slightly silty in IRecovery (sand); I

.
I lintervals (tenses); clay pocket (dark grey/soft) at 8.5 sand is Loose,

I ft.; sand hay very minor carbonaceous streaks, deep, lcohesive W/ cLay in
J

I Imoist, at base; quartzose w/ c 95X quartz, c 5X iron Ilenses. I

•
I Imagnesiun. I I

I U/SDSM Sand: As above, slightly silty to 11 ft., oxidation 11.5 ft. Recovery.

I
Idecreasing to base with color Laminations evident. Clay

I

.

I

Itenses at 10- 10.1 ft. and 10.6- 10.7 ft.; sand is

buff yeLlow .t 11 ft..

J

I

I

I

I U/SDSM Sand: As above, lighter color (buff tan), silty IPushed SS to 14
.

I
intervaL 13 - 13.3 ft., minor color laminae. Jft.; going to•

I I laugers. I

U/SDSM Sand: As above, minor clayey lenses, semi-inc*jrated 12.5 ft. Recovery
• .

I lsandstone layer at 14.9- 15 ft.; d, loose; with IMOSS. I

I
jcolor taminae and < 5 heavy minerals. I I

J J I I....
I I I I

......... I I I

I I I I....
.........

I I I I

I I I I

U/SDSM ISand: Very fine grained, buff w/ orange clay lenses, J4.5 ft. Recovery. J

I ictay is moist, brittle, sandy, dark orange/brown, sand I

• . is moderately to poorly sorted, buff, grading to I I

I orange, silty from 19 . 19.5 ft. and 20.5 - 22.5 ft., I

......... dry to deep. No clay below 22.5 ft., very minor I

.
I Icatcareous fragments. I I

A-23



64 213

DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX SHEET 2 OF 3 SHEETS I

1. PROJECT: CARSUELL AFB, I 7. TOTAL DEPTH OF HOLE: 49.1 ft BGL I

IRP PHASE II STAGE 2 I 8. DATLJ4 FOR ELEVATION SHOWN: sea Level

I 2. LOCATION: Ftighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLl 8-61 1

I 3. DRILLING AGENCY: Enviromentat Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 18

I 4. HOlE NO.: LFO4-1O I 11. ELEVATION GROUND WATER: 596.05 ft MSL (6/18/90) 1

I 5. NAME OF GEOLOGIST: S. B. Btount 1 12. DATE HOLE ESTABLISHED: 4/2/90

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 626.90 ft MSL
X: 2021275.03 Y: 397025.34 I 14. BACKGROUND: I

I 15. MEASURING POINT ELEVATION: 626.54 ft MSL I

IDepthI Graphic BLow Soil
I I

I(Ft.) Log j Count ICtass/Code IVisual Description I Remarks 1

I I I I I

I I I I I

I I I I

I

—•
I I I I

I I I I

I I I

I
24 U/SDLR Sand: As above, buff to orange laminated, no cLay or 13 ft. Recovery

I I fsitt, very fine grained, moderately welt sorted, dry to I

I
. .. . I Idanv; Layer of abundant — 5% shell frags and catcareous (

I

I
debris with some gravel from 26 - 26.5 ft.; gravel up I

I I Ito 40 ma, minor gravel fragnents to base. I

I Q.O:.C I I I I

I I I I

I cj.c5.c I I I I

I I I I I

I I I

I I U/SDLR ISand: As above. 16.5 ft. Recovery.

30.5 U/SDGR ISand and Gravel: Sand is very poorly sorted, buff, very ISaLe wet at 32
I P.P. I Ifine to coarse grained, siórounded, with minor ft..

I I loxidation scans, gravel is 2 100 em, approximatty I

I Q.Q. 50%, conposed of celcareous debris of sheLls etc. up to

I I
IS em; Large franents are broken, well indurated I

I r-.j-j.- I jmicritic Limestone.

I I U/SOLR Sand: Tan, medius grained with abundant carbonaceous

I Istreaking and graveL, as above, at base.
I 34 . .. . U/GRSN Sand and Gravel: Sand as above up to 15% graveL is

I

I . I Iartz and catcareous debris, averaging 5 nan and up to

I P.P.• I 140 em. Moderate to poor sorting, sbrounded, wet. Large
I .P:C) I Ifraents are Cac03, as above. Grain size increases to

I

I Q.O.(4 I base.
I

I I I

I b.b.d I I I

I 39 .. .. U/SDGR Sand and Gravel: As above, wet, averaging 10 - 15 em. 12.5 ft. Recovery.

I I IConties coarsening to base, minor clay pockets 60 -
I P.P:P I 142 ft. making fine gravel/slightly cohesive. Gravel up
I :P:P.i I Ito 50 nan. Coarse Sand. I

I Q•Q. I I I

I I I I

I !d.d.c3 I I I

I I I

ICobbtes lengthwise
un sappIer.
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64 214
I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 3 OF 3 SHEETS

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 49.1 ft BGL

IRP PHASE II STAGE 2 I 8. DATL)i FOR ELEVATION SHOWN: sea level I

I 2. LOCATION: FUghtline Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL 8-61 I

I 3. DRILLING AGENCY: Erwrorriental Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 18

1 4. HOLE NO.: LFO4-1O I 11. ELEVATION GROWND WATER: 596.05 ft MSL (6/18/90) I

1 5. NAME OF GEOLOGIST: S. B. Blotmt I 12. DATE HOLE ESTABLISHED: 4/2/90

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 626.90 ft MSL I

X: 2021275.03 Y: 397025.34 I 14. BACKCROWND: I

I 15. MEASURING POINT ELEVATION: 626.54 ft MSL I

IDepthI Graic Blow Soil
I I

!(Ft.) Lo Coit ICtass/Code IVisual Description I Remarks I

I I
I I
I I

I I
____ I I

4.0 ft. Recovery.

ISharp contact. Clay

Inst 'sandy'; has

Ifew grains in each

'pocket'. I
I I
I I
I I

____ I I
149 - 49.1 ft.

Jaugered into marl; I

'core' sairple. No

ISS. T.D. at 49.1

Itt. I
I I
I I
I I

I I

I I

I I

I I
I I

I I

I I

I I

I I

I

b4
I

I

I

I

1

I

I

I

I

.•j•cd

.Q.Q.(

i
i
I

I

i
j

i I I

I

I

I

I

I

I

I

I

44.1/),"/// /

I

I

j

I

I

I

I

I

I

U/CLLR

Iwet, grey tan in color with abizidant oxidation pockets
IC' 5 urn) erou,d fine grained sand. Abusidant

)CLay: 44.1 ft. clay is soft, very pLastic, moist to

carbonaceous flecks; silty below 46.5 ft. with silt

Itar 46.5 - 46.7 ft.
I

I

I

I

I 49 J I j U/MARL Marl: Clayey coated micritic limestone w/
I I I I jrecrystetlized fossils, grey to buff, well indurated,
I I I I I'uludstone'.
I I I I I

I I I I I

I I I I I

I I I I I

I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I .1
I I I I I

I I I I I

I I I I I

I I I I I

I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I

I I I I I

I I I I I
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64 215
I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 25.2 ft BGL I

IRP PHASE II STAGE 2 J 8. DATlJ FOR ELEVATION SHOWN: sea Level

2. LOCATION: Ftighttine Area J 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL B-61

3. DRILLING AGENCY: Envrorinentat DrilLers, Inc. J 10. NO. OF SAJ4PLES TAKEN: 11

I 4. HOLE NO.: LF0501 J 11. ELEVATION GROUND WATER: 603.82 ft MSL (6/18/90) I

I 5. NAME OF GEOLOGIST: S. E. Fern J 12. DATE HOLE ESTABLISHED: 3122/90 I

6. COORDINATES OF HOLE:

I X: 2018791.38 Y: 399361.24

J 13. SURFACE ELEVATION: 619.30 ft MSL I

J 14. BACKGROUND: I

I 15. MEASURING POINT ELEVATION: 621.96 ft MSL I

lDePthl Graphicji
U/CLLR

I I I
IVisual Description I Remarks I

U/SDLR

0

2

4

8

U/CLLR IClay: As above, deep.

U/CLLR

ICLay: Dark brown, firm, silty, red mottling, roots, IFiLL. I
deep; minor sam ard gravel.

J

I I I

I I I
Sard: Tan, medits. to coarse grained, Loose, deep, — 5 I I

IsiTiall gravel. I I

11.2 ft. Recovery.

ICIaY: Brown and orange, mottLed, very disturbed, IStill fill.

grave(ly, soft to slightly firm, calcareous zones and Imeterial. I
nodules, deep; at 11 ft. going into a grey colored I

Isilty clay. I I

I

I

I

I

I

I
ICLaY: As above; at 13.5 ft. hard Limestone zone. 10.2 ft. Recovery.

Clay: As above, stiLL very disturbed. I

I I

I I

I I

IC1aY: As above, deep.

I I

I Very "euddy".

U/CLLR12

14

16

18.1

U/CLLR

U1CLLR

20

SaM: Light brown, very silty end clayey, saturated, I

Iminor smell gravel, < 1% pethles. I I

I I I

ISai: As above. I I

I I I

I I I

I I I

I

I

I

I

I U/SDSN

I U/SDSII
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64 216
LDRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 2 OF 2 SHEETS I

1. PROJECT: CARSUELL AFB, 1 7. TOTAL DEPTH OF HOLE: 25.2 ft BOL

IRP PHASE II STAGE 2 I 8. DATUM FOR ELEVATION SHOWN: see level I

I 2. LOCATION: Flighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLl 8-61 1

I 3. DRILLING AGENCY: Enviromentat Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 11

I 4. HOLE NO.: LFO5-O1 1 11. ELEVATION GROUND WATER: 603.82 ft MSL (6/18/90) 1

1 5. WANE OF GEOLOGIST: S. E. Fain 1 12. DATE HOLE ESTABLISHED: 3/22/90 1

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 619.30 ft MSI. I

I X: 2018791.38 Y: 399361.24 1 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: 621.96 ft MSL

Graphic Blow Soft
I I

Log I Co4.rt ICtass/Code IVisuat Description I Remarks
IDePth
I (Ft.)
I I I I I

I 22 b• ( LJ/SDLR ISand, Clay and Gravel: About eiaL of each Stf LI very I

)•OO J (saturated. shelLs, gravels to 20 nis, siLty; 24.5 - 25 ('muddy". (

I •().(). I (ft. mostly said and gravel. I I

I

I

I

cc i
I

I

i
I
I

I
I

I

I

f 25
(

i (50 ( U/MARL (Mart: Limestone, chalky, irxkirated, oxidation staining. IN055 salTler I

I I I ( ( (refusal at 25 ft.; I

I I I I I (drive saepte 50 I

I I I I (blows = 2 in.; FILL I

I I I I I (probabtyended I

I I I I I (about 18.1 ft. BLS; (

I I I I I (hole Looked Like I

I I I I I (filL aLL the way j
I I I I I lTD. T.D. = 25.2 ft. j
I I I I I I I
I I I I J I I

I I I I I I I
I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I ( I I

I I I I I I I

( ) ( I I

I I I I I I I
I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I i 1 I I

I I I I I I I

I I I I I I I

I I I I I I I
I I I I I I I
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64 21?
I DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 27.2 ft BGL I

IRP PHASE U STAGE 2 I 8. DATL FOR ELEVATION SHctJW: sea level I

I 2. LOCATION: Ftighttine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL B-61 I

. 3. DRILI.ING AGENCY: ErivirorwnentaL Drt tIers, Inc. 10. NO. OF SAMPLES TAKEN: 13

4. HOLE NO.: 1F05-O2 11. ELEVATION GRJND WATER 597.83 ft MSL (6/18/90) I

, 5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3122/90 I

6. COORDINATES OF HOLE:

j X: 2019492.00 Y: 399280.64

13. SURFACE ELEVATION: 620.30 ft MSL

14. BACKGRQJND: I
15. MEASURING POINT ELEVATION: 622.69 ft MSL I

Blow Soil
ICtass/Code IVisuat Descriotion

lDepthI Graphic

0

2

4

I Renarks

18

110

12

114

116

118

20

U/CLLR CLay: Orange/brown, stiff, silty, abttdant calcareous IFUIL sançter I

I m.teriaL, dai. lunless noted.

I I I I

I I I

U/CuR Clay: As above, 0.5 ft. catiche zone 3 . 3.5 ft.

I

I

I

p1.2 ft. Recovery.

I

I

I

I

I

I

I

UICLLR Clay: Dark brown, stiff, carbonaceous staining, danp,
Isitty.
I

I

Iwo catcareous

material.

I

I

I

j

I

I

U/CLLR Clay: As above, minor gravel, silty.

I

I

I

I

i

I

I

i

i

U/CLAY ICtay: Brown and tan mottled, distrurbed looking (not
Inatural Layering), damrç; some greenish/gray clay also.

ILooks like fill

Imateriat. I

U/CLAY ICtay: As above, soft catcareotm zone at 11 ft.

I

I

I

11.0 ft. Recovery.

I

I

I

I

I

I

U/CLAY Ctay: Still heaviLy disturbed nature, 3 in. wet sewn at

(13 ft.

(Stilt fill.
material.

I

I

I I I I

I I I I

I U/CLLR ICLay: Becoming sittier, moist, some greenish/gray I I

I (coloration. I I

I I I I

I I I I

U/CLLR Clay: Brown and green mottling, very disturbed nature, (Stilt Looks like

I Igravet (1 5%), shelLs; 0.4 ft. fine sand sewn at 16.6 (fiLl.

I (ft.; wet. I I

I I I

I U/CLLR Greenish/gray I

I ImateriaL looks

I
Inaturat - in situ.

I I I

( U/CLLR IW.L. measured at

I
(21.05 ft. BLS after

(

I

I

IweLt comLetion.

I

I

I

ICLaY: As above, silty, not disturbed; greenish/gray at
19 ft.

ICtay: Greenish/gray, silty, oxidation stained mottling,
Ifirm, dan, 1 3% assorted size sand smalL graveL,
gravelly sand at bottom.
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64 218

I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARS'iEL1 AFB. TX I SHEET 2 OF 2 SHEETS I

1. PROJECT: CARSUELL AFB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 27.2 ft BGL I
I 8. DATUM FOR ELEVATION SHOWN: sea Level I

2. LOCATION: FLight(ine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe Drill B-61 I

3. DRILLING AGENCY: Enviromental Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 13 I

4. HOLE NO.: 1F05-02 I 11. ELEVATION GROUND WATER: 597.83 ft MSL (6/18/90) I

5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/22/90 I

6.

I

I

COORDINATES OF HOLE:

X: 2019492.00 Y: 399280.64

I 13. SURFACE ELEVATION: 620.30 ft MSL I

I 14.

I 15.

BACKGROUND:

MEASURING POINT ELEVATION: 622.69 ft MSL

I

I

IDepthl Grapinc Blow Soil I
Visual Description I Remarks I

U/SDGR

U/MARL27

Sand and Gravel: Orange/brown, very clayey, saturated,

nunerous shett franents, graveLs to 40 nun, mainly

I
limestone cLasts.

IMarL: chalky, white/gray, shaley, indurated.

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

ISaler (MOSS)

Iref1.aL at 27 ft.;

drive 1 1/2 ft. SS

50 bLows 2 in.;
IT.D. 27.2.
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64 219
DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 2 SHEETS I

1. PROJECT: CARSVELL MB,
I IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 27.5 ft BGL.

I 8. DATUM FOR ELEVATION SHOWN: sea level

1 2. LOCATION: Ftighttine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

I 3. DRILLING AGENCY: Envirorinental Drillers. Inc. 1 10. NO. OF SAMPLES TAKEN: 13

1 4. HOLE NO.: LFO5-03 I 11. ELEVATION GROUND WATER:

1 5. NAME OF GEOLOGIST: S. B. 8totrt 1 12. DATE HOLE ESTABLISHED: 3/22/90 I

6. COORDINATES OF HOLE:

I X: 2019488.64 Y: 399182.10

1 13. SURFACE ELEVATION: 620.60 ft MSL I

I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION:

IDepth) Grapflc Blow Soil
I(Ft.) CoLrt ICtass/Code IVisual Description

f

Remarks
I

I

1 0 U/CLLR ICtay: Soft firm, moist, clay fraction plastic - smai IFUIL recovery (

J - brittle &ie to roots, calcareous pebbles, sLightLy katess otherwise I

I I Isitty with ctsyey siLt 1.7 - 2 ft., yellow orange jindicated.

I I jgrading to brown. Extremely windy.
2 U/CLLR ICtay: As above, calcareous pebbLes concentrated iGradationat

I I intervals, less silty, minor carbonaceous streaking at )changes. j
I I Ibase. I I

I I I I

I 4 U/CLAY IClay: As above, Brown, firm, fairly plastic, Layers of I

I I )concentrated celcareous debris.
I I

I I I I I

I I I I I

6 U/CLLR ICLay: As above, dark brown, grading darker, soft to
I

I I firm, very few calcareous pebbles, aks.aadant I

I Icarbonaceous lemma, very few fine rootlets, moist, j I

I I Iminor silt in tenses, plastic - aears organic rich. I

I I I I I

I I I I I

I I I I I

I I I I I
10 U/CLLR )CLay: As above, dark brown, soft, plastic, moist with IMusky odor.

I I siLty/sandy lenses to 13.2 ft.; leached zones 13.2 - Caliche zones. 1.5 I

I I 113.5 ft., 14.3 - 14.4 ft., clay is white/buff, brittle, Ift. recovery. I

I I Jdan, with more frequent catcareous pebbles,
I I

I I jmntervening clay is as above; with silt/sand.
I I

I I I I I

I I I I I

I I I I I

I I I I I

14.4 U/CLLR Clay: As above soft/firm with abLaldant carbonaceous
I I

I I Lemma, fine roots, dark brown, minor leached pebble I

I I Jzone14.8ft. I I

15.2 U/SDSM ISand: Buff. Moist to wet, very fine grained, silty, luster in hole — 15 I

I I Ipoor - moderate sorting. - 16 ft.. Sharp I

I I I Jc0nta0t I

I 16 U/CLLR Clay: As above, dark brown, carbonaceous Stains, soft I

I I Ito firm, moist, calcareous pebbles, minor oxidation I

I I stains. I I

16.5 U/SDLR Sand: As above, silty, color lemma (oxidation layers), Few pebbles.
I I Ifmne roots, gravel . 17.6 - 18 ft.; buff; sand is

J

I I trtzose with 95% quartz, minor cohesive clay I

I I ILenses, otherwise Loose, minor carbonaceous streaking;
I

I I clay Lenses and intermitent pebbles decrease to 20 ft.
J

20
I U/SDGR ISand: As above, buff yellow, and gravel to 22 ft., sand Not Likely fill

A- 30
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 2 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB,

!RP PHASE I! STAGE 2

L7. TOTAL DEPTH OF HOLE: 27.5 ft BGL !

I 8. DATLI1 FOR ELEVATION SHOWN: sea Level I

I 2. LOCATION: Flighttlne Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill 8-61 I

I 3. DRILLING AGENCY: Enviromentat Drillers. Inc. I 10. HO. Of SAMPLES TAKEN: 13 I

I 4. HOLE NO.: LFO5-03 I 11. ELEVATION GROUND WATER: I

I 5. PlANE OF GEOLOGIST: S. B. Blount I 12. DATE HOLE ESTABLISHED: 3/22/90 I

6. COORDINATES OF HOLE:

I X 2019688.64 'I': 399182.10

I 13. SURFACE ELEVATION: 620.60 ft MSL I

I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: I

SoilIoepthl Grethic BLow

(Ft. ) ,

22

I I I

Ivisual Daserintion I Remarks

UICLLR

U/GRVL

U/MARL150

is very poorly sorted; gravel approximately 20%, 2 - 15 (die to laminae (

ITUS, ctayey with clay content increasing to bottom. (above. Vague (

I
'contacts'.

IClay, silt and gravel: Light to medius grey to 22.3 J I

(ft.. changing to buff/orange. Clay is stiff, wet and ( j
(brittle. Gravel appears concentrated in horizontaL I I

planes. Abrtt color change to dark grey at 24 ft. Clay
( 1

(at 24 ft. is silty with minor catcareous pebbles, firm, (

(semi-plastic I I

I I I

I I

(Gravel: Ctayey, silty, sandy, Loose, wet, mediun grey, (Auger refusal at

80% of sLe catcareous graveL 5 - 50 em, average size (27.4 ft.; went in
120 IllS. (with SS. No

I (Recovery.

Mart: See description from LF05-04 (no sanpte IT.D. at 27.5 ft.;

(recovery). (LJL approximateLy 24

I (ft.. (grouted
I

Ibefore E - Line).
I I

A—3 1
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Blow Soil
Count IClass/Code

U/CLLR

I U/SDLR

I U/CLLR

IVisuat Description

IClay: Sandy, brown with calcareous pebbLes, dairp, fine,
Isemi - brittLe, roottets.

Sand: Brown/green, clayey, with gravel t4 to 15 am,

very poorly sorted, moist, quartzose with caLcareous

Ipebbles.

CLay: As above, caLcareous pebbles increased to 25%,

very brittLe with oxidation blebs and black
carbonaceous staining within Lenses, less sandy.

Sand: Brown, loose, dry to da4Tp, very fine grained,
IsLightty ctayey, poor - moderately sorted, quartzose

Iwith catcareous pebbles, oxidation Lenses and asaltic
pebbles.

ICtay: Light brown orange, firm, semi-plastic with

JcaLcareous pebbles to 8 ft.

Sand: As above.

Clay: As above.

Sand: Orange brown, clayey, silty, very fine grained,
poorly sorted, oxidation stained, quartzose with > 95%

quartz, stAwou,ded, with 5% carbonaceous flecks and
several large (40 am) gravel chunks, moist to 12 ft.,
wet at 13 ft., minor carbonaceous streaking.

ICLay: Buff yeLlow, wet, silty, oxidized, soft to firm,

Iplastic, caliche at top, minor pebbles (calcareous) to
114 ft.
ICtay: Very stiff, green/grey, abundant catcareous
Idebris, semi-brittle, wet carbonaceous stained.

IClay: Dark brown/bLack, very brittle, organic rich,

Imist, fine roottets, graaL color change to
green/grey with an increase in carbonaceous debris and
Iplasticity; very stiff; similar to clay at 14 ft.

Clay: As above with an increase in gravel and sand to
120 ft. (clay and gravel). Green/grey, stiff, brittle,

caLcareous pebbles concentrated in 0.5 ft. intervals to

123 ft.; sandy in these intervals (CaCO3 sand?). I

DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB, TX SHEET 1 OF 2 SHEETS

1. PROJECT: CARSWELL AFB,

I IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 28.3 ft BGL

I 8. DATLJ4 FOR ELEVATION SHOWN: see level I
I 2. LOCATION: Flighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLl B-61 I
3. DRILLING AGENCY: Envjroçsnenta[ Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 14 I
4. HOLE NO.: LFO5-04 I 11. ELEVATION GROUND WATER:

I 5. NAME OF GEOLOGIST: S. B. Btount I 12. DATE HOLE ESTABLISHED: 3/22/90

6. COORDINATES OF HOLE:

X: 2019719.98 'I': 399313.92

I 13. SURFACE ELEVATION: 617.30 ft MSL I
I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: I

UISDLR

U/CLLR

U/SDLR

UICLLR

U/SDLR

U/CLLR

U/CLLR

U1CLLR

U/CLLR

Remarks

JProbably filL. 3.5
I t. Recovery.

IProbably filL. 3.5

If t. Recovery.

IFill, Concrete

Iblock in sanpLe — 2
in. across. Sarp

fcontract. 3 ft.

Recovery.

IBottom of fill -

sharp. Water in

hole.

I Sharp contract.

IMusky odor.

CalcareouS zones

calichif led'

J.
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I DRILLING LOG RADIAN CORPORATiON I INSTALLATION: CARSWELLAFB. TX I SHEET 2 OF 2 SHEETS 1

1. PROJECT: CARSWELL AFB,

I IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 283 ft BGL I

8. DATU4 FOR ELEVATION SHOWN: sea Level

1 2. LOCATION: Flightllne Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

I 3. DRILLING AGENCY: Envirorwnentat Drillers. Inc. L 10. NO. OF SAMPLES TAKEN: 14 1

I 4. HOLE MO.: LFO5-04 [ 11. ELEVATION GROUND WATER: 1

I 5. NAME OF GEOLOGIST: S. B. BLourit 12. DATE HOLE ESTABLISHED: 3/22/90 I

6. COORDINATES OF HOLE: 1 13. SURFACE ELEVATION: 617.30 ft MSL

X: 2019719.98 Y: 399313.92 I 14. BACKGROUND: A

15. MEASURING POINT ELEVATION: I

Blow

Couit
Soil

Class/Code IVisuat Description Remarks
IDePth
I(Ft.)

Graphic

Loq

23

28

J.o.o
.Q.o.

•0•3•'

•C•(Th
5O

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I
I I

I

I

I
I

U/SDGR ISand and Gravel: Sand is very fine to coarse grained. Very sharp

jsaturated, very poorly sorted, buff/tan, sLtrorded, jcontract.

quartz and CaCO3, (60% quartz) and ( 5% heavy minerals,

minor oxidation staining, 'gravel' average size 5 ,mi,

Ibut i to 35 rin, quartz and CaCO3, approximately 40% of

sançte I

U/MARL Isarl: Fissile, calcarecus, hard, wet, chaLky, wI shell i ft. Recovery

fragments; (description fran bit suVLe and portion of Last ST; drive SS.

ISS recovery). SS refusal. Went in
with auger to

I Icheck. auger
I Irefusat. T.D. =

I 28.3 ft.

'
I

I

I I

I I

I I

I

I I
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I DRILLING LOG J RADIAN CORPORATION I INSTALLATION: CARSVELL AFB. TX I SHEET 1 OF 2 SHEETS

1. PROJECT: CARSUELL AFB,

I IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 26.2 ft BGL I
I 8. DATLM FOR ELEVATION SHOWN: sea Level I

I 2. LOCATION: Ftighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B61 I

3. DRILLING AGENCY: Enviroqinental Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 14 I

I 4. HOLE NO.: LFO5-05 I 11. ELEVATION GROUND WATER:

5. NAME OF GEOLOGIST: S. B. Blount I 12. DATE HOLE ESTABLISHED: 3/22/90 I

6. COORDINATES OF HOLE:

I X: 2019785.85 Y: 399388.49

I 13. SURFACE ELEVATION: 616.10 ft MSL I

I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: I

JDepth

0

Graphic Blow Soil
I I

Count ICtass/Code IVisuat Descriotion I Remarks

2

4

6

8

11,13,17

U/SDCL ISand and Clay: Orange/red, very fine grained, daop, IFuLI saITle unLess

I Iwith asphalt, gravel, roots, calcareous fragments, very Iotherwise I

I IpoorLv sorted sand, cohesive (cLay). lindicated. 1 ft. (

I I IRecovery. Fill sand

I I Itop2ft. I

U/CLLR ICtay: Brown, with minor orange mottling, firm, semi - IFILL clay. )

I
plastic with abuidant calcareous pebbles (up to 20 m),

I

I Idan to moist, minor btack (carbonaceous?) streaking.

U/CLLR Clay: As above - tight brown, mottling increased. IFilL clay?

I JAsphalt? mixed with sa,Le. I

U/CLLR JClay: As above.

U/CLLR JClay: As above, few large (50 nus) gravel chunks.

IJ/ASPH

I

AsphaLt: Solid "asphalt" - tar and pea graveL with some

Ibrown cLay.
I

I

IFHI. Could not
Ipush at 10 ft.;

material very hard.

U/CLLR IClay: Dark grey/very dark grey mottled, firm,

Isemi-plastic with abundant calcareous pebbLes (1 to 15

Jrim) and fragments, daap to moist with in.urated sandy

Icaliche layer light orange/buff at base.

ILimestor
ItithocLast?
f

J

U/CLLR IClay: As at 12 ft. Few very Large cobbLes (80 em);

silty 14.4 • 14.8 ft.; color tightening.

I

I

U/CLLR jClay: As above, color change at 16.4 ft. to

Jbuff/tan/yellow; continued large cobbles to 18.5 ft.,

Jcatcareous debris abundant at 17.2 - 17.6 ft. then ends

abruptly.

U/CLLR Clay: Soft to slightly firm, buff/yeLLow, 20% smaLl

caLcareous fragments and sand and silt, moist to wet,

Isemi-ptestic, few 15 ma pebbles.

I I I I

I Sand, Gravel and Clay: As above, sand or gravel up to Isaivtes I

I 150%; soft, wet at top. Firm, plastic at base; preferentiaLLy wet

Isemi brittLe cje to inclusions; catcareous fragments J(soggy) on top; I

I increase to base, ctayey sandy gravel to base (clayey jprobably a fuiction
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB TX SHEET

1. PROJECT: CARSUELL AFB, I 7. TOTAL DEPTH OF HOLE: 26.2 ft BGI

TRP PHASE II STAGE 2 I 8. DATLI4 FOR ELEVATION SHOWN: sea level

2 OF 2 SHEETS I

I

J

2. LOCATION: Ftlghtline Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

I 3. DRILLING AGENCY: Envirorunental DrilLers. Inc. I 10. NO. OF SAMPLES TAKEN: 14 I

I 4. HOLE NO.: LFO5-O5 I 11. ELEVATION GROUND WATER: I

I 5. NAME OF GEOLOGIST: S. B. Blotrit I 12. DATE HOLE ESTABLISHED: 3/22/90 [

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 616.10 ft NSL

I X: 2019785.85 Y: 399388.49 I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION:

!Depthl Graphic Stow Soil I

I(Ft.)L Log I Cotrit ICLass/Code IVisuat Description I Remarks

I •.cj.d I Igravety sand). of the saiiter.

I

I

i

.d.ci1 I I

I I

i p

coci

IClay, sand, and

Igravet equal

Iproportio.

i

I

I

I

I

I

I 24.9 U/GRCL Gravel: Ctayey gravel.

25.3 . . . . U/SDSM Sand: CLay botuid gravelly sand; sand conçosed of sheLl

I
I I J(calcareous) fragments, coarse grained, wet, poorly

I sorted.

I 26
1$5O U/MARL IMarl: Buff/yeUow, fissite, shells, cLayey shaLe

I I I Iapc,eara1e, semi-indurated, chalky.
I I I I

I I I I I

I I I I I

I I I

I I I I I

I I I I I

I I I I I

I I I

I I I I I

I I I I

I I I I

I I I I I

I I I I I

I I I I

I I I I I

I I I I

I I I I

I. I I

I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I

I I I I

I I I I I

I I I I I

I I I I

I I I I I

I I I I

I I I I I

f

J

I

IRefusat at 26 ft.,

Drive SS. T.D. at

126.2ft.

I

I

I

I

I

I

I

I

p

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

A-35



64 225
I DRILLING LOG I RADIAN CORPORATION I

INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF I SHEETS I

1. PROJECT: CARSUELL AFB, I 7. TOTAL DEPTH OF HOLE: 7.7 ft SGL I

TIP PHASE II STAGE 2 I 8. DATLIq FOR ELEVATION SHOWN: sea level I

I 2. LOCATION: Ftighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL B-61 I

3. DRILLING AGENCY: Ervirorinentet Drillers, Inc. 10. NO. OF SAMPLES TAKEN: 5

I 4. HOLE NO.: LFO5-06 11. ELEVATION GROUND WATER: I

I 5. NAME OF GEOLOGIST: S. 8. Blount 1 12. DATE HOLE ESTABLISHED: 3122/90

6. COORDINATES OF HOLE:

I X: 2020129.68 Y: 399156.86

13. SURFACE ELEVATION: 598.30 ft MSL I

14. BACKGROUND:

I 15. MEASURING POINT ELEVATION:

Depth Graphic Blow Soil
I

I(Ft.) Lot 1 Count Ictass/Code IVisuat Description I Remarks00
•Q.Q.

•00•

•0•0'
o•o
•0.Q.(

.o.p.I

)OO'
000

0 U/SDGR Sand, Gravel, and CLay: Buff/yellow, very poorly IFuLL recovery
I I sorted; sand is very fine to very coarse grained, Iiless otherwise

I I
cartzose with caLcareous pebbLes/franents, moist to 3 Inoted.

I I t., wet below; clay content increases below 3 ft..

I I IGravet (20%) LQ to 20 ma, size increases at base. Unit

I is brittle. I

I I I

I I I I

I
4 U/SDGR fl.5 ft. Recovery,

I I I 1ST refusaL at 5.5

I I I Ift., go in with

I I I
auger to5 ft.

I I I IsanvLes.

I 5.8
I U/GRSN brevet: Average 70 ma, minor fine sand and clay, I

I I moderately welL sorted, stt,rounded, conosed of I

I I Ilimestone tithoclasts. I I

6.5 U/CLAY Clay: Stiff to very stiff, buff/yelLow, with grey I

I I mottling, brittle, moist; oxidation staining J I

I I Ithroughout, fissile in zones.
I I

I 7
I U/MARL IMart: Dark grey, sesi-inirated, very fissite, highly Ilefusal at 7.5 ft.

I I IcaLcareous, Leached 'caLiche' type zone at base (0.1 (Limestone), drove

I I I I Itt.). ISS at 7.5 ft.. Less
I I I I I

Ithan 3 in. with 50
I

I I I I
blows. T.D. at 7.7

I I I I I
ft.. WI. = 3.38 ft. j

I I I I I IBGL. I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I

I

I

I

I I

I I

I

I

I

I

I

I

I

I

I

I

I

I

I I I I I I I

I

I

I I

I I

I

I

I

I

I

I

I

I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I•

I I I I I I I

I I I I I I I
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 1 SHEETS I

1.

I

PROJECT: CARSWELL AFB,
IRP PHASE II STAGE 2

1 7. TOTAL DEPTH OF HOLE: 7.2 ft BGL I
I 8. DATI)4 FOR ELEVATION SHOWN: sea leveL 1

2. LOCATION: F(ighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

3. DRILLING AGENCY: Envirocinental DriP.Lers. Inc. I 10. NO. OF SAMPLES TAKEN: 6 I

J 4. HOLE NO.: 1F05-07 I 11. ELEVATION GRW$D WATER: I

5. NAME OF GEOLOGIST: S. B. SLount I 12. DATE HOLE ESTABLISHED: 3122/90 I

6. COORDINATES OF HOLE:

X: 2020230.22 Y: 399192.73

I 13. SURFACE ELEVATION: 598.00 ft MSL I

14. BACKGRJND: I

J I 15. MEASURING POINT ELEVATION: I

IDepth

I(Ft. )

Graphic

Log

Blow Soil
I I

Count IClass/Code IVisuat Description I Remarks I

I

0 /'
/ I

U/CLLR iCtay: Broim/grey, moist, soft, plastic, roots, sandy,

Iwith increased sand to 0.8 ft. becoming clayey sand.

I

I

I

' .O:1)OOI
I

I

UIRS Icravet: Clayey, Light brost/grey, calcareous gravel up
to 25 nut (mostly 2 - 3 ma), moist, very poorly sorted.

iSharp contact. 2

f t. Recovery. I

1.4 •o•o•d U/SOCk Sand and Gravel: Very fine grained, poorly sorted, ISharp contact.

I

I

I

I

3.8

•ci.bI
• . .'

'. •. .J
•Q•O
):QP.i

I

I

I

I

I

U/GRSM

Iclayey, orange, dry to danp, with moisture increasing

Ito base. Clay content variable, clayey and cohesive in

Itenses; gravel — 20%, 3 25 nut, very poorly sorted.
GraveL: Quartz and calcareous pebbles with minor sand,

Iwet, very poorly sorted; 98% graveL, average 10 imi up

Ito2Oma.

lAssLitle some graveL
Itost in first

Isairple.

ISharp contacts.

I

I

I

I

I

I

,/,/

/i::;i:::::1

U/CLAY Clay: Stiff to very stiff, buff/yellow with gray

mottLing, oxidation seam, semi-fissite, brittle,

3 ft. Recovery.

IRefusal at 5.8 ft..

I

i

5.8 II I J150 U/MARL Marl: Dark gray, semi-inckirated, very fissile, highly Drilled into snarl j

I I I I jcatcareous, alternating with stiff 'cLay', minor 11.4 ft. to good

I I I I oxidation mottLing. leuger refusaL. T.D.

I I I I I
.7.2 ft.. N0W1.

I I I I I
IhoLe caved to 3.5

I I I I I itt. I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I
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I DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX I SHEET I OF 1 SHEETS

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 18.3 ft BGL I

8. DATLI FOR ELEVATION SHOWN: sea level

I 2. LOCATION: Flightline Area 1 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL B6l I

I 3. DRILLING AGENCY: Enviromental Drillers. Inc. 1 10. NO. OF SAMPLES TAKEN: 9 I

I 4. HOLE NO.: LFO5-08 1 11. ELEVATION GROUND WATER: I

I 5. NAME OF GEOLOGIST: S. B. BtoLrt I 12. DATE HOLE ESTABLISHED: 3/22/90

6. COORDINATES OF HOLE:

I X: 2020350.89 Y: 399030.31

I 13. SURFACE ELEVATION: 606.80 ft MSL I

I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION: I

BLow

0

IDepthl Graic Soil

I(fi lCLassiCode IVisuat Descriotion I Remarks I

12

14

18

10

I 11

12

14.5

U/CLAY Clay: 8ro, soft, d, brittle, root boud with fine I

Iroottets, minor other plant debris.
I 1

I I I

I I I

U/CLAY ICtay: P4ediuiu bro, fire, plastic, moist, minor

(rootlets. few catcareous fLecks at base.

I

I

J

f

I

I

I

I

I

I

U/CLAY ICLay: Grey/grey, mottled, very stiff, dry to danp, very

(minor fine roottets, abu,dant caLcarecus debris.

ICould not cut w/

carpet knife.

)

U/CLLR Clay: As above, catcarecus peebles to 15 nun; stiff.

IPredominately debris 1 2 nun.

(Pebbles effervesce

(in HCL solution.

U/CLLR Clay: As above, firm, plastic.

U/CLLR ICtay, Sand, and Gravel: Very poorLy sorted, ro&r,ded

jgravet, moist. Clay daninates to 12 ft. with smalL soiL

developed on top, buff/yeLLow. Sand content increases

Ito base.

(Sand: Buff/yellow, very fine to fine grained, slightLy

(clayey/cohesive at top, loose below 12.3 ft., moderate

(Musky odor.

Ilerrace dep.?

I(SoiL).

I

Water in hole at

112 ft.; go to 5 ft.

I (roizdir,g, welL sorted, > 95% quartz. lsatoLers.

I ILimestone: Grey to light grey, marLy, fissite, (Drilled slowly

I (weathered. 10 am in.irated Layers with thin marts unto limestone.

(between, no sheEts, micritic appearance. (Refusal at 14.5 ft.

I 10.5 ft. Recovery.

I I (Driller says

I I (layered marl, drive

I I ISS; 1 ft. Recovery.

I (Limestone: Well in&rated, calcareous shale - fissile, (1.0. at 18.3 ft..

I (mediun grey, sLightly 'carbonaceous'; contiguous 'bed' (Water level = 12.67

I Ifron 17.5 - 18.3 ft.

I

(ft. (BGL).

I

U/SAND

U/LMSN

17.5 U/ LMS N
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB TX I SHEET 1 OF 1 SHEETS

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 14.5 ft BGL I

I IRP PHASE II STAGE 2 I 8. DATUM FOR ELEVATION SHN: sea Level I

I 2. LOCATION: FLightilne Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe Drill 861

I 3. DRILLING AGENCY: Eriviromentat Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 6

4. HOLE NO.: LFO5-09 I 11. ELEVATION GROUND WATER: I

I 5. NAME OF GEOLOGIST: S. B. BLotxt I 12. DATE HOLE ESTABLISHED: 3/22/90

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 604.90 ft MSL

I X: 2020361.60 'f: 398918.32 I 14. BACKGROUND: I

I 15. MEASURING POINT ELEVATION: I

lDeIthI Graphic Blow Soil
I I

I(Ft.) Log Co.z,t IClass/Code IVisuat Description I Remarks

U/CLLR IClay: Orange/brown mottled, very sandy, silty with some
Igravet, brittLe, dry tod, fine rootlets to 3.5 ft.,

If ew catcareous flecks, alternating zones: brown then

Ioraie approximateLy 0.5 ft. thick.

U/SDSM

IFull recovery

mtess otherwise

indicated.

Sand: Buff/yellow with orange color laminations,

Islightly clayey at top, Loose below, rotraded quartzose
Igrains; clay tenses 5 - 5.3 ft., 5.7 -5.9 ft.; dacç. to

I moist, > 95% quartz, welt sorted, cohesive in cleyey

intervals, Loosely consolidated otherwise.

U/SD SM

Sharp contact.I 35

18

110

12

.o.o..b.cI'

ISand: As above, thinly Laminated orange color laininee

are contorted, sLightly clayey at base.

U/SDSM ISand: As above, moist to wet, clayey at top. Shell
Ifragiiient layer 10.6 - 11.4 ft.. Clayey and silty below.

U/SDLR

Iwater in hole — 11

ft.

Sand: Orange, very minor gravel, wet Loose, few
carbonaceous streaks.

U/MARL Mart: Injrated, dark grey/green shale, very

catcareous, some orange oxidation, fissile, few shell
fragments, minor carbonaceous debris, dry to danV.

13 - 6 pieces of 10

- 20 ma gravel.

IRefusat at 14 ft.;

drove SS, bottomed

less than 0.5 ft..

IT.D. at 14.5 ft.

A- 39



U/CLLR IClay: Very stiff, dark brown with obvious carbonaceous

Istreaking, minor sandy lenses, danl to moist, brittle,

)hard, sand lamination at tçper contact is parting; fine

rootlets and intervals with coarse sand/pebbLes to 6

Ift.

IClay: Calichified (leached) white to buff, brittle,
Jfirm, shell fragments, danp, abundant calcareous

debris, abundant orange oxidation sews, visible

lauthigenic mineralization, silty appearance.

U/CLLR ICLaY: Stiff, as above, interlayered with cetichified

jzones to 13.2 ft.; stiff clay has intervals of abundant

Icalcareous debris and grades into caliche then abrtptly

Igoesbacktoclayas6-7ft.

Clay: Mediun brown/yet low, moist to wet, brittLe,
Isilty, abisdant calcareous debris.

INart: Weathered limestone mart at 14.5 ft.; clay rich,

Isoft, oxidized in serm, abundant broken aicritic

limestone fragments, wet (saturated soggy),

semi-plastic, buff/yellow.

Clay and Gravel: Gravel 20%, clay is buff, firm to
Istiff, moist, oxidation seaa, chalky, CaCO3, rich,

Iwith coarse fragments, silty, semi-fissile.

INert: Dark grey, seai-inrated, highly catcareous,

shaley, fissite, dense, dry to danV.

Gravel, Sand, and Clay: Gravel ip to 80%,

orange/yellow, brittle/friable, soft, wet to moist.

ISend very poorly sorted, very fine to coarse grained,

sangutar, wet, gravel to 40 em, quartz and CaCO3

land minor shell fragments, slightly cohesive.

E4 29
DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX SHEET 1 OF 2 SHEETS

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 36.2 ft BGL I

1 TRP PHASE II STAGE 2 8. DATLJ FOR ELEVATION SHG.W: sea level I

2. LOCATION: Ftightline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

I 3. DRILLING AGENCY: Envirorinentel Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 13

I 4. HOLE NO.: LFOS-1O 11. ELEVATION GRWWD WATER:

1 5. NAME OF GEOLOGIST: S. B. Blount 12. DATE HOLE ESTABLISHED: 3/22/90 1

6. COORDINATES OF HOLE:

I X: 2019456.19 Y: 398656.87 -J

13. SURFACE ELEVATION: 623.90 ft MSL I

14. BACKGR)JND: I

1 15. MEASURING POINT ELEVATION:

IDepthl Graphic Blow SoiL

I(Ft.) Log Count IClass/Code IVisual Description I Remarks 3

U/CLLR IClay: Medita dark brown with minor carbonaceous

Istreaking, fir., plastic, moist. Calcareous pebbles
Iabadant to 0.4 ft., minor roots, few pebbles to 3 ft.

U/CLLR

10

3.2

j6

I
7.5

I
13.2

I 14.5

116

118

19.5

p

'Hi

H.H
•0•0•'

•0•0'

IFull recovery

unless otherwise
noted.

Can not cut
seems too dense to

fill. 1 ft.

jRecovery in ST.
Crushed heavy guage

lsLer.
IFutl 2 ft. push

with no recovery.

lS pushed 6 - 8 and

got 0.9 ft.

recovery.

Pushed SS - 0.8

Ift. Recovery; used

15 ft. sanpter from

J12 14.5 ft.; 0.3

Ift. recovery.

)Water in hole 14.5

I- 19.5 ft.. 3.5 ft.

recovery.

4.2 ft. Recovery.

U/CLLR

U/MARL

U/CLLR

U/MARL

U/GRSM
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB, TX SHEET 2 OF 2 SHEETS I

1. PROJECT: CARSWELL MB, I 7. TOTAL DEPTH OF HOLE: 36.2 ft BGL I

IRP PHASE II STAGE 2 I 8. DATUM FOR ELEVATION SHOWN: sea LeveL 1

I 2. LOCATION: Fttghttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLL 8-61 1

3. DRILLING AGENCY: Envirorinental Drillers, Inc. I 10. NO. OF SAMPLES TAKEN: 13 I

4. HOLE NO.: LFO5-1O 11. ELEVATION GROUND WATER:

5. NAME OF GEOLOGIST: S. B. Blort I 12. DATE HOLE ESTABLISHED: 3/22/90

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 623.90 ft MSL I

X: 2019456.19 Y: 398656.87 I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION:

Blow Soil
____________ Ivisuat Description Remarks

I I

I I I

I I

I I I I

I I I

I jsilt: Orange, clayey (sLightly), wet, soft, minor (Very sharp I

I (oxidation staining in [maniac, very uiform tithotogy (contact. I

I (throughout interval, saturated. I

I I
I I I I

I I I
I I I I
I I I I

I I I I
(Sand: Orange/yellow, very fine grained. loose, (very sharp

I (saturated, > 95X quartz, moderately well sorted, (contact.
I I JsiAroided grains, no sedimentary structures, minor ( I

I I (oxidation pods, very minor carbonaceous fLecks; with I

I (few large ( 50 - 100 am gravel fragments) ( I

I I I I

I I I I I

I I I I

I I

I I I

I I Gravel: Quartz and calcareous fragments, poorly sorted, (Sharp contact.

(wet, slightly sandy, slightly silty, loose, average 2 - (34.5 - 36 ft. =

(6 em of sbanguLar fragments to 75 am; buff/orange. NR.. Auger refusal

I I I (at 36 ft.; drive

I I ISS.Groutss
I I I (refusal.

36 (Marl: Limestone fragment well incirated, micrite. (T.D. at 36.2 ft..
(Buff, few recrystallized fossiLs, chaulky exterior. Poor recovery SS,

I I I I I (description from
I I (one fragment. Vt. =

I I I I I (26.2ft.
I I I I I

I I I I

I I I I I

I I I I I

I I I I I
I I I I I

I I I I I
I I I I I

A-41
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64 231
I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 1 SHEETS I

1. PROJECT: CARSUELL AFB,

IRP PHASE II STAGE 2

J 7. TOTAL DEPTH OF HOLE: 10.1 ft BGL I

J 8. DAT%.J4 FOR ELEVATION SHOWN: sea Level I

I 2. LOCATION; Ftighttine Area J 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DrilL B-61 I

I 3. DRILLING AGENCY: Erwironnental DriLlers, Inc. J 10. NO. OF SAMPLES TAKEN: 6 I

4. HOLE NO.: LFO5-11 J 11. ELEVATION GROUND WATER: I

I 5. NAME OF GEOLOGIST: S. E. Fain J 12. DATE HOLE ESTABLISHED: 3/19190

6. COORDINATES OF HOLE: J 13. SURFACE ELEVATION: 597.60 ft MSL 1

I X: 2020446.51 Y: 398619.94 I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: I

1w
Depthl Graphic BLow Soil

0

2

IVisuat Descriotion I Remarks I

U/CLAY

U/CLLR

U/CLLR

U/CuR

UI SDLR

U/MARL

ICLay: Dark brown, dan, catcareous nocàjles, roots. IFuLL recovery I

I
ImLess otherwise I

I Inoted. I

I I I

IClay: As above, slightly silty and sandy. I

I I I

I I I

I I I

Clay: Dark brown, hit root at 5.5 ft., wet. 1.2 ft. Recovery.

I I I

I I I

I I I

Ictay: Green/orange, very fine grained sand. IW.L. measured at
J

I
f3.05 ft. BLS.

ISand: Orange/tan, fine to mednan grained, wet,

cJartzose; at 8 ft., brown, nusky odor. 8.5 . 10 ft.

increasing gravel to 20% at bottom of saapter. I

ISaturated, shells. I

INert: Green/gray, inirated, fissiLe, exogyra fossils. lAuger refusal at

I
110 ft. Drove S.S.

I 1(1 1/2 ft.); 50

I

I

IbLows 0.1 ft.;

IT.D. = 10.1 ft.

IT

110
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E4 232
DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX SHEET 1 OF 1 SHEETS I

1. PROJECT: CARSUELL AFB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 9.2 ft 801 1

I 8. DATLM FOR ELEVATION SHOWN: sea tevet I
J 2. LOCATION: F(fghttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill D-ól I
J 3. DRILLING AGENCY: Ertvirorvnentat Drit (erg. Inc. 1 10. NO. OF SANPLES TAKEN: 6 1

I 4. HOLE NO.: LFO5-12 I 11. ELEVATION GROUND WATER: I
1 5. NAME OF GEOLOGIST: S. B. Btotrit I 12. DATE HOLE ESTABLISHED: 3/19/90 1

6.

I

COORDINATES OF IOU:

X: 2020606.71 Y: 398699.09

I 13. SURFACE ELEVATION: 594.40 ft MSL I

I 14. BACKGROUND: I

I 15. MEASURING POINT ELEVATION: I
Depth( Graiic

lift

Blow

0

Soil

In a/Code IVisuat Descrtption j Remarks

U/SDVF

U/MARL

I I U/CLLR CLay, Sand, GraveL: Clay is Light bromVorange, moist, (FULL saiipte unless

I I Isemi-plastic, soft with abundant oxidation. Gravet is lotherwise I

I I 110 - 20 nm calcareous pebbles. Itodicated. I

j 1.5 U/SDSN ISand: Orange, moist, cleyey 2 - 2.5 ft., silty, very jGradationat I

I I (fine grained, poorly sorted Icontact. I

I 2.5 ( U/CLLR Sancty Clay: Clay as above, without gravel (calcareous Iwater in hole at 5

I

I

I

I

(debris minor), sandy and silty to 4 ft.; silty to 6.8

Ift.; clay is grey/brown, moist, soft; very soft and wet
(ft. j

I

I I tat 5 ft., minor oxidized sand seams, few very fine I

I I Iroottets, semi-plastic. I I

I I I I I

I I I I

I I I I I

I I I I I

I 6.8
( U/CLAY ICtay: Dark grey/black, soft, plastic, wet, highly (Sharp contact. I

I I (organic, few fine rootlets, silty (minor). (Musky odor. 1 ft.
(

I I I
IRecover ST. Marl at

(

I I I (sairvte bottom. (

(
8.8

I
Sand: Very fine grained, moderately sorted, dark grey, J I

I I (carbonaceous streaking, wet, artzose. I I

I 9 I JMart: Nediun grey, fissile, weLL indurated, micritic, IT.D. at 9.2 ft.; I

I I I
Ibrittle in chaulky zones. IWL 2.73 ft. J

t I I I I I I

I I I I I I I

I I t I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I
I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I t I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

i t i i t I I

I I I I I I I

I I I I I I I

t I I I I I I
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64 2

JDepth Graphic

10

I 9-3

12

115

116

17
I I

I I

I I

I I

I I

I I

I I

I I

I I

Soil
id ass/Code

U/CLAY

I Remarks .1

jFu[L recoveries

unless noted.

11.6 ft. Recovery.

11.4 ft. Recovery.

IPtished S.S.

Jsairpter (1.5 ft.).

CouLd not get W.L.

Ido hole after

Jaugers pulled; 4.5

Ift. Recovery.

ISa1tter refusal at
J17 ft.

IDriving 1 1/2 ft.

Js.s. 1 1/4 in. for

150 blows; T.D.

117.1 ft.

I DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 1 SHEETS I

1. PROJECT: CARSWELL AFB,

I IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 17.1 ft BGL I

I 8. DATUM FOR ELEVATION SHOWN: sea Level I

I 2. LOCATION: Ftightline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

I 3. DRILLING AGENCY: Envirorinentat Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 9 I

I 4. HOLE NO.: 1F05-13 I 11. ELEVATION GROUND WATER: I

I 5. NAME OF GEOLOGIST: S. E. Fain 1 12. DATE HOLE ESTABLISHED: 3/19/90 I

6. COORDINATES OF HOLE:

I X: 2020738.54 Y: 398406.77

I 13. SURFACE ELEVATION: 605.00 ft MSL I

I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: I

B Low

U/CLLR2

4

6

IJ/CLLR JCLay:

U/CLLR Clay:

18.7 -

U/SAND

IVisual Descrtption

Clay: Dark brown, delIç,, roots, plastic; calcareous zone

Istarts at 1.8 ft.

IClay: Orange/brown, very silty, abundant calcareous

Imaterial (caliche), dry, sLightly cohesive.

As above, 20 . 30% calcareous material.

As above, moist; increased calcareous material,
9.3 ft. Aatmost conpleteLy catcareous materiaL.

JSand: Orange/tan, fine to mediun grained, Loose, daap,
lsthround, quartzose, minor oxidation staining.

ISand: As above, catcareous zones C— 0.5 ft.) at 13 ft.

land 14 ft.; aLso gravelly in these zones. Material
saturated at — 13.5 ft.

Sand: As above.

ISand and GraveL: 50/50, very fine sand to pebbLe size
gravel, saturated, ni.sierous sheLLs.

jMarl: Gray/green, fissiLe, indurated, iron stained in

fractures, catcareous.

U/SDLR

U/SDLR

U/MARL

I U/SDGR

Lj50 I

I I I

I I I
I I I

I I I

I I I
I I I

I I I

I I I

I I I
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E4 234

I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB. TX I SHEET 1 OF 1 SHEETS

1.

I

PROJECT; CARSWELL AFB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 13.3 ft BGL

I 8. DATUM FOR ELEVATION SHOWN: sea level

I 2. LOCATION: Flightline Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLl B-61 I

I 3. DRILLING AGENCY: Envirorinentat Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 8 I

[ 4. HOLE NO.: LFO5-14 I 11. ELEVATION GROWND WATER: 594.14 ft MSL (6/18/90) I

5. NAME OF GEOLOGIST: S. B. Btount I 12. DATE HOLE ESTABLISHED: 3/19/90 I

6.

[

COORDINATES OF HOLE:

X: 2020910.08 Y: 398467.53

I 13. SURFACE ELEVATION: 603.20 ft MSL

I 14. BACKGRWND: I

U/CLLR

Depthl Graphic J Blow Soil
tCLasc/tode Ivisual Dsscriotion

I

I Rmrk

U/CLAY

IClay: Very dark brown, soft, dry to diç,
brittle/cruity, fine roottets and catcareous pebbles,

Iabukiant calcareous debris 1.5 - 2 ft.; silty, sandy.

U/CLLR

IFULI recovery

IsuLess noted

otherwise. 3 ft.

IRecovery.

2

3.5

7.2

8.5

8.7

IClay: Broii/tan, firm, dry to datrç, abundant calcareous

debris, 'cruitly' carbonaceous particles, stiffens to

base.

JClay: As above, calichified to 4 ft., very stiff, dry,

siLty, sandy to 4.7 ft., clay beLow is orange brown,

Iver' stiff, danç with abundant calcareous debris and

carbonaceous streaks/particles, brittle, sandy.

U/KARL

U/SOFN

ft. Very hard

Ito cut.

12.5

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

U/SDGR

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

13

IMarl: Light grey, very stiff, silty clay with abundant

Ilarge CaCC3 franents, oxidized in seams, brittle,

)moist, 'stickensided'.

Sand: Fine grained, orange tan, oxidized, moderately

Isorted, subrou,ded, wet, loose, quertzose with 95%

Icuartz end 5% heavy minerals.

Sand and Gravel: Sand as above with gravel at 8.7 ft.,

Igravet is predominately CaCO3 franents, poorty sorted

I(some quartz) average 3 un, up to 30 urns. Approximately

J40% of sanple; siArotrded.

Joravel and Sand: As above, only gravel 60 -70% of
Isarple, few large > 70 au franents.
IMarl: Very hard - no recovery.

ft. Recovery.

U/GRSM

Iso U/MARL

Water

ft.

in hole at 9

Ioriller says

LImestone at 13 ft.

Drove SS; 50 blows

Iwt 1 in.; no

recovery; T.D. at
13.3 ft.; WI. 9.43

I ft.
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c4 22S
I DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX SHEET 1 OF 3 SHEETS

1. PROJECT: CARSUELI. AFB, I 7. TOTAL DEPTH OF HOLE: 40.6 ft BGL I

IRP PHASE II STAGE 2 I 8. DATLJI FOR ELEVATION SHOWN: sea level I

2. LOCATION: Ftighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill 8-61

3. DRILLING AGENCY: Envirorsnentat DrilLers. Inc. 10. NO. OF SAMPLES TAKEN: 26 I

J 4. HOLE NO.: LFO5-15 I 11. ELEVATION GROUND WATER: I

J 5. NAME OP GEOLOGIST: S. 8. Blcuit I 12. DATE HOLE ESTABLISHED: 3/19/90 1

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 626.50 ft NSL I

X: 2019457.49 Y: 398082.81 I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION:

IDepthI Graphic

liE'
0

Ivisual Descriotion I Remarks

U/CLLR

U/CLLR

U/CLLR

UICLLR

U/CLLR

U/CLLR

U/CLLR

12

2.1

16

J10

12.1

115

115.

117
117

IClay: Dark bromi, firm, moist, semi-plastic to 1.8 ft.; IFull recovery I

Icalcareous pebbles aligned horizontal in HbedsN to 1 Iisless otherwise

Ift.; rootlete, organic, slightly silty 1 - 2 ft. lindicated. I

I I

IClay: As above, Leached to buff color with oxidation I

jstaining, abuidant calcareous pebbles 1.8 - 2.1 ft. I

Clay: As first clay with pebbles and semi-Leached zone, lALternstiI zones

pebbles and clay 3 - 3.2 ft., interval from 2.1 - 4.1. 13 . 6 ft. each

If t. orange/brown. Alternating zones of dark brown firm Iarcroximate(y 0.3

Iclay with abuidant calcareous debris and orange/brown, ft. thick. I

softer with pebbbles; thin sand 3.6 - 3.8 ft., very I

Ifine gra I I

IClay: Slightly sandy, siLty, minor calcareous debris, Iwater in hole at 7

very soft, saturated (soggy), oxidation stained itt. Perched? I

lthroughout, minor carbonaceous streaking, few very fine I

rootLets, orange/brown. I I

IClay: As above, firm, dark brown clay with few pebbles I

Jfrom 9.8 - 10 ft.; no siLt, very sandy at top. I

I I I

I I I

IClay: As above, very sandy at top with dark brown, firm Clayey sand? I

Ito stiff clay at 11 - 12.1 ft., oxidation streaked. I

I I I

I I I

IClay: As above, no roots, minor calcareous debris. Sandy/soggy top

I
very reguLar -

I If.i,ction of

I saopler?

Ctayey Sand: Orange - very fine grained, saturated,

cohesive, very poorly sorted, cp.iartzose, minor

Icarbonaceous stein, 14.1 - 14.8 ft. I

ICLaY: Dark brown-black, firm to stiff.
I

ICLayev Sand: As above, 15.9 - 16.3 ft.
I

Sand: As above.
I

I Clay: As above, dark brown to black, minor calcareous
pebbles, firm to stiff, moist to wet, abudant

I

carbonaceous stains, minor oxidation.
ISand: Silty, clayey, saturated, as above 18 - 18.6 ft. Very regular

I Ifilt?

Clay: As above.
I

IClay: Caliche layer between 19.9 - 20 ft. and between

2h8 - 22 ft. with intervening clay, as above.

14.1 U/SDCL

U/CLLR

U/CLLR

u/Sod

U/CLLR

18

19

19.9

U/SDSM

U/CLLR

U/CLLR
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DRILLING LOG RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX I SHEET 2 OF 3 SHEETS J

1.

I

PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 40.6 ft BGL I

I 8. DATlJ FOR ELEVATION SHOWN: sea level J
j2. LOCATION: Ftightilne Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL B-61 I

3. DRILLING AGENCY: Erwirorsnentat DriUers. Inc. 10. NO. OF SAMPLES TAKEN: 26 I

4. HOLE NO.: LFO5-15 L 11. ELEVATION GROUND WATER: I

5. NAME OF GEOLOGIST: S. B. Btout [ 12. DATE HOLE ESTABLISHED: 3/19/90 I

6.

,

COORDINATES OF HOLE:

X: 2019457.49 Y: 398082.81

[ 13. SURFACE ELEVATION: 626.50 ft NSL

.14. BACKGROUND:

t [ 15. MEASURING POINT ELEVATION: ,
Ioeptht

I(Ft.)

Graphic

Log

Blow SoiL
I

Cozit ICLass/Code IVisual Description I Remerks

22

23.4

25.4

26

29.3

32.2

36

37.1

39.5

40

1/',','1ii :

U/CLLR IClay: As above, with abizdant calcareous debris.

: :

I

•
I U/SLCL Isilt: Tan/orange, sLightly cLayey, wet, slightly sandy, jFirst push on ST

no sedimentary structures • cohesive. had no recovery;
. I I Ipushed SS . full

I I recovery. I

U/SOSM Sand: Tan/orange, very fine grained, moderately well. Sharp contact. I
.

I Isorted, quartzose with > 95 quartz, minor carbonaceous IDriller says hard

.. ( jtamina, stE,rou,ded, wet/saturated, loose, grading to jand soft Layers I

I Isilt. Iwnen augering
.

I Ibetweenl5andz5
••••—T• I

I U/SILT Silt: As above, no clay, grading to silty sand (sand as
ft. I

II I above); silty to 29.3 ft. I I
. U/SDSM Sand: As above, no a i It, no sediment structures, except I I

I Iminor dark carbonaceous laminee. I I

......... I I I I....
I I I I

I I I I

I

:>coI
I

j.j1
.b.b J

1 I

I

i

Ci 0 I

o a C I

iOO I

o a c
00

QOC
I

0 0
0 0 C I

•0•0• I

'

I

I

U/GRSM

U/GRVL

U/GRVL

U/GRVL

U/SDGR

I

Gravel: Orange, very poorly sorted, CaCO3 and quartz;
ICaCO3 franents alt > 15 ma; quartz franents most of
Ismaller; strouided, slightly sandy, wet, loose,
average fraaent equals 5 - 10 ma i.ç to 75 ma, slight

Iclay/chalkiness.

I

i

IGravel: Very 'cLean', better sorting, predominately

Iquartz, no sand/clay, minor shell franents.

I
Gravel: Clean as above.

I

IGravel: Darker in color, black staining throughout.

I

Sand and Gravel: Fine grained gravel and sand, poorly
Isorted, very loose, with broken shell franents.

'

i
I

I

Sharp Contact.

J

I

I

I

Sharp Contact.

j

I

I

ITCE? No reading

HMU/Drager.

I

'
I

I

I

I

I
I

I

I

I

I

I

I

I

j

I

I

'

I

I
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40.6

I I

I I

I I I

I I I
I I I
I I I
I I I
I I I
I I I
I I I
I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I

I I I

I I I

I I

I I

I I I

I I

I I

I I I

I I I

I I I

I I

I I

I I I

I I

I I

I I I

I I I

I I I

I I I

I I I

I I I

139-5 - 44.5 ft.
Irecovered 2.5 ft.,
Ibut 1.5 ft. was

Isluff. Auger

Irefusat at 40.5

Ift., went in with

ISS; 50 bLows and

1.5 in. recovery;

IT.D. at 40.6 ft.

DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 3 OF 3 SHEETS I

1. PROJECT: CARSUELL AFB,

I IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 40.6 ft BOL I

I 8. DATI.M FOR ELEVATION SHOWN: sea Level I

I 2. LOCATION: Flightilne Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

I 3. DRILLING AGENCY: Environnentat DriLlers. Inc. I 10. NO. OF SAMPLES TAKEN: 26 I

4. HOLE NO.: 1F05-15 I 11. ELEVATION GROUND WATER:

5. NAME OF GEOLOGIST: S. B. Blotrt I 12. DATE HOLE ESTABLISHED: 3/19/90

6. COORDINATES OF HOLE:

I X: 2019457.49 Y: 398082.81

I 13. SURFACE ELEVATION: 626.50 ft MSL I

I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: I

IDepthl Graphic Blow Soil
I I

l(Ft.)! LogI Cowit ICtass/Code IVisuat Description I Remarks I

U/MARL Mart: Buff, ctayey/chautky, predominantly welded
Icrystattized shelL fragemnts, fissite to brittle,

semi -indurated, wet.
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I DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 2 SHEETS

1. PROJECT: CARSWELL AFB, 1 7. TOTAL DEPTH OF HOLE: 23.1 ft 801

I IRP PHASE II STAGE 2 I 8. DATL* FOR ELEVATION SHOWN: see level

I 2. LOCATION: F(lghttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriU B-61 I

I 3. DRILLING AGENCY: EnvrorunentaL DrilLers. Inc. I 10. NO. OF SAMPLES TAKEN: 12 I

I 4. HOLE NO.: LFO5-16 I 11. ELEVATION GROUND WATER:

I 5. NAME OF GEOLOGIST: S. B. Bloia,t 1 12. DATE HOLE ESTABLISHED: 3/19/90 I

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 612.30 ft MSL I

I X: 2021061.70 Y: 398229.39 I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: I

IDepthl Graphic Blow Soil I

I(Ft.)I Log I Count ICLass/Code IVisual Description I Remarks I

IFull sanple

recovery unless
otherwise noted.

0

I

i 2
I

I

I

I "
I

I

6

I

I
I

I

I 9

,/////

,,////,//'///',/'/'A
//"/"/
,,/',"

,/%/,,"
///////j//,/)/,/,/)//'/
.. ..

I

I

I

I

I

I

I

I
I
I

I

U/CLAY

U/CLLR

U/CLLR

U/CLLR

U/CLLR

U/SDSN

CLay: Broia with orange cast, soft to firm, soiL top.
jroottets to bottom, dry to d, semi-pLastic.

ICtay: Broim, very stiff, brittLe, abundant caLcareous JCan not cut with

Ifregments/sheLLs, very minor rootlets, minor Iknife.
carbonaceous flecks, dry to darp. I

I I

Clay: 'CaLiche' dessication cracked, white/brown/buff 10.2 ft. Sanp&e

mottled, calcareous debris i to 10 imi, dry, 'hard' Irecovery.

stiff/brittle.

IClay: 'Caliche' as above, weLl inckjrated intervals, Ii ft. Recovery to

Ibrittle, dry; limestone inclusions to 20 mn. Irefusat at 7 ft.

Clay: Caliche as above, thin lnckrated zones; mostly IDriller says
dry, very stiff, highly caLcareous buff/orange clay lImestone; will

Iwith inclusions as above, minor carbonaceous flecks; Idrive 7 . 8.5 ft.;

lasedy from 8 8.5 ft. IfuLl recovery SS.

Sand: Abundant caLcareous debris to 9.6 ft. red, fine 1ST from 9 - 10 ft.

i
I

I

I

I

I

J

I

I

I

I grained with silt, quartzose, dry and angular to 9.6 IFull recovery. I

I I Ift.; sand beLow 9.6 ft. is orange/yellow, very fine I I

I I grsined, loose, sibengular, > 95% quartz, dry. I I

10 U/SDLR Sand: As above, thin gravel horizions developed 10.5 I

I

I

.p.p
j
I

I

110.8 ft., 12 12.6 ft.; color leminae — 3 nnn -

orange/yellow. Gravel t. to 30 me; minor graveL in sand

very fine grained fine gr.ined, orange to 15 ft.

I

I

I

I ThQQ I I I I
I I I I I
I 14 50.0 U/SDLR Sand: As above.

I I

I

•p.p
I I I I

16

I

. .. ..
).Q.Q I

I

U/SDLR Sand: As above, few gravet/caLcareous concretions INot sufficient

throughout, moist at 16.5 ft, wet at 18.5 ft., gravel gravel to be

to 50 umi, minor coLor Laminae. Iclassified as sand

I

I QQ I I land gravel (1O);
I .0.Q.i I I water at — 19 ft.

I
19

I

I

I
L:.Q
P:P:.

T)U•C)

I

I

I

I

i
I

U/SDLR

I
Sand: As above, minor very coarse sand/fine gravel, I

Isand is tan/orange, very fine grained, saturated, I

quartzose, sbangutar, > 95% quartz with moderate J

Isorting.
i
I

I
I
I
I

I

t

I
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I DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 1 SHEETS I

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 16.6 ft BGL

IRP PHASE II STAGE 2 I 8. DATLq FOR ELEVATION SHcMW: sea level

I 2. LOCATION: Ftighttine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61

I 3. DRILLING AGENCY: EnviromentaL DrilLers. Inc. 10. NO. OF SAMPLES TAKEN: 9 I

I 4. HOLE NO.: LFO5-17 11. ELEVATION GRWND WATER:

I 5. NAME OF GEOLOGIST: S. B. BLot.xit 12. DATE HOLE ESTABLISHED: 3/19190
I

6. COORDINATES OF HOLE:

I X: 2021241.43 Y: 398317.23

13. SURFACE ELEVATION: 606.50 ft NSL
I

14. BACKGRWND:
I

loepthl Graphic

fl.!l
Blow Soil

ICtassICode IVisuai Dqerintinn

U/CLLR0

3

3.2

Clay: Brown, soft - firm, silty with minor very fine
grained sand, roots, moist, minor calcereous pebbles

land carbonaceous staining, semi-pLastic.

I Remarks

U/CLLR

IFULI recovery

tsiless otherwise

Inoted.

UIGRCL

IClay: As above at 3 ft., with ebi.ridant catcareous

I pebbles.

U/SAND

Gravel, Clay, and Sand: Gravel is caLcareous, dry to

Idatv. catichified, < 15 tm, buff, wetness increases
Iwith depth, very poorly sorted with clay Lenses. Clay
I is as above.

Sand: Sand is very fine grained - fine grained, orange
oxidized at top grading to buff/yelLow at 5 ft.,

srowided, moderately well sorted, moist, quartzose
Iwith > 95% quartz, small shell fragments abt.ndant to 10

ft. Grain size i to sand/gravel at 6.8 ft., then very

fine grained

GraveL Contacts.

lSharp Contact.

U/CLLR

U/SDVF

I
4.5

I
9.4

110
I

I

114

116
16.5 I 50

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

Clay: Minor shelL fragments.

Sand: As above, very fine grained, welL sorted,
sangulsr to sthrou,d, moist to wet, color laminated,

I> 95% quartz.

12.5 ft. Recovery.

U/SDVF ISand: As above.

U/SDVF

U/MARL

Is&id: As above.

Mart/Limestone: Micritic, tight grey, dense, many small
Ifossits (recrystallized), well incjrated, chaulky

surface.

IN0 visible

contamination, but

Ihigh Drager

Ireadi,gs 1 ft.

I Recovery.

IN0 odor.

tSanvte description

Ifrom smell

fragments.

lapparently very
Ihand. T.D. at 16.6

ft.
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I DRILLING LOG RADIAN CORPORATION INSTALLATION: CARSWELL AFB, TX I SHEET 2 OF 2 SHEETS 1

1. PROJECT: CARSLL AFB,
IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 24.0 ft BGL

8. DATIJI FOR ELEVATION SHOWN: sea level

2. LOCATION: Fl$ghtLine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

I 3. DRILLING AGENCY: Envirorinentat DrilLers. Inc. 10. NO. OF SAMPLES TAKEN: 10 1
I 4. HOLE NO.: 1F05-18 11. ELEVATION GROUND WATER: 594.11 ft MSL (6/18/90)

J 5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3/21/90 1

6. COORDINATES OF HOLE:

I X: 2021280.30 Y: 398169.30

13. SURFACE ELEVATION: 612.10 ft NSL 1

14. 8ACKGROUND:

I 4 15. MEASURING POINT ELEVATION: 611.84 ft MSL

IDepthl

f(Ft.)

Grapiic Blow Soil I I

Log Cotrut Class/Code IVisuat Description I Remarks

I I I Icontetion. No I

I I I Igravets. I

I I I

I I I I I

I I I I I

23.2 U/MARL INert: White/gray, incjrated, oxidation staining in Drove 1 1/2 ft. I

I I I I Ifractures. IS.S., 50 bLows. 2

I I I I I un. recovery. T.D.
I I I I I I=23.95ft. I

I I I I I I

I I I I I I I

I I I I I I

I I I I I
I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I

I I I I I I

I I I 1 I I I

I I I I I I I

I I I I I
I I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I

I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 2 SHEETS I

1. PROJECT: CARSUELL AFB, I 7. TOTAL DEPTH OF HOLE: 20.8 ft BOL I

IRP PHASE II STAGE 2 8. DATIJ4 FOR ELEVATION SHcY4N: sea Level I

I 2. LOCATION: Ftightline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL B-61 I

I 3. DRILLING AGENCY: Envirormiental DriLLers. Inc. 10. NO. OF SAMPLES TAKEN: 9

I 4. HOLE NO.: LFO5-19 11. ELEVATION GROUND WATER: 593.54 ft MSL (6/18/90) I

I 5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3121/90 I

6. COORDINATES OF HOLE: 13. SURFACE ELEVATION: 606.30 ft MSL I

I X: 2021663.85 Y: 397850.57 I 14. BACKGROUND:

I 15. MEASURING POINT ELEVATION: 606.08 ft MSL I

IDePthI

I(Ft.)J

Graphic
Log

Blow Soil
I

Count ICtass/Code IVisual Description I Remarks I
I

I

o /,//'

'i/"'

U/CLAY IClay: Dark bro,ei first 1 ft., then orange/bro with

abundant calcareous material, d, coflesive.

10.3 ft. Recovery.

IStuck in shelby

2 . U/SDI) Sand: Orange, cemented 3 - 4 ft., medius greined, dry. I

I I I I

I I I I

I

•••
I I I

I
' . U/SAND Send: Orange, fine to mediun grained, ciartzose, da4Tp, i ft. Recovery.

I I
loose.

I

I I I I

I I I I

I

I

6

6.3

I

i

I

I

U/LNSN

U/SDGR

ILimestone: 1 in. Limestone bed underLain by 2 in.

Icemented sand at 6.0 ft.

ISand and GraveL: Orange, poorLy sorted, very fine

I

Ii ft. Recovery.

I

I

i

PP
•P:P..

I

I

i

Igrained sand to pebble size gravel, diV. Gravel is

Ist,rouJ.

I

I

Ip•p
I •Qo• I I I

I 10 U/SDGR Sand and Gravel: Orange, 60% sand, 40% graveL, deep, 14.2 ft. Recovery.
I

I

I

I

i
I

5•ci
..:
)p•p
P:P:.
)Q•()

I

I

I

i
i

loxidation staining 11 - 13 ft; occasional limestone
IcobbLes and thin beds, saturated at — 13.5 ft.

I

l

i

j

I

1

I
13.7 .Q.. U/GRSM GraveL and Sand: As above but 80% gravels (mainly 2 - lW.L. measured at

I :)•c)o 10 imi), saturated, assorted sand sizes, gravels mainly 113.6 ft. 3.6 ft.

I

I

I

I

i
i

.
PP:.•Q•
P:P:.
).Qp•

I

I

I

i
I

isubrotaid chert and angular limestone ctasts.
I

I

{

i
i

Recovery.

I

I

I

I

i
I P:P:. I I I

I 19 )OO j UIGRSN brevet end Sand: 80% graveLs 2 to 25 m, 20% assorted

I •0-O. I sand sizes, saturated, nunerous shells (gryphee?); 19 -

I

I

I' >0•Q
..Q.

I

I

I

I

19.3 ft. mediun sand bed.

I

I

I

I

I

I

I
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20.51 I 1150

I I I

I I
I I I

I I
I I I

I I
I I I
I I

I I I
I I I

I I
I I

I I I

I I

I I I

I I I
I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I
I I I

I I I
I I I
I I I
I I I

I I

I I I

I I I
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I DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX I SHEET 2 OF 2 SHEETS

1. PROJECT: CARSLL AFB,

IRP PHASE It STAGE 2
7. TOTAL DEPTH OF HOLE: 20.8 ft 501

8. DATUN FOR ELEVATION SHOWN: sea Level I

1 2. LOCATION: Ftighttthe Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

3. DRILLING AGENCY: Envirorvnentat DrilLers. Inc. 10. NO. OF SAMPLES TAKEN: 9

I 4. HOLE NO.: LFO5-19 11. ELEVATION GROUND WATER: 593.54 ft MSL (6/18/90)

1 5. NAME OF GEOLOGIST: S. E. Fain J 12. DATE HOLE ESTA8LISHED 3/21/90

6. COORDINATES OF HOLE:

X: 2021663.85 Y: 397850.57

J 13. SURFACE ELEVATION: 606.30 ft MSL

J 14. BACKGROUND:

1 15. MEASURING POINT ELEVATION: 606.08 ft MSL I

IDepthI Graphic Blow j Soil
I

I(Ft.)( Log Couit IClass/Code IVisual Description I Remarks

U/MARL IMarL: Limestone, weathered, tan/iite, inrated but SanpLing hard at

I Iheavity fractured, oxidation staining on fracture 2O 20.5 ft.;

I Ifeces. Iorove 1 1/2 ft.

I I IS.S., 50 blows z

I I 12.5 in. T.D. =

I I 20.75 ft.
I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I
I I I

I I I
I I I
I I I
i I I
I I I
I I I

I I I

I I I

I I I

I I I
I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I
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APPENDIX B

Well Completion Summaries

(Previous Well Completion Summaries may be found in
CH2M Hill (1984), Radian (1986), and Radian (1989))

B—i
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I WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB

I

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB I 9. INSTALLATION DATE: 3/23/90

I 10. WELL COMPLETION METHOD: GRAVEL PACK U/SCREEN I
I 2. LOCATION: Site LFO4 I 11. ZONE OF COMPLETION: Ac.jifer I
I 3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 28.00 ft I
I 4. WELL NO.: LFO4-O1 I 13. NEAS. POINT ELEV.: 629.24 ft MSL

I 5. WELL OWNER: U.S. AIR FORCE I 14. CASING DIAMETER: 2.00 in I
I 6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: ScheduLe 40 PVC I
I 7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 29.95 ft I
I 8. LOCATION TYPE: WL I 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 1-1O'x2"xO.O2' Screen,3-10'x2" Risers, Bottoni PLug 1-Locking Cap,1-5'x2" Riser
J

I _________ TOP OF CASING

I I

I GROUND SURFACE I

I f I I I I t
I I I I I

I I BACKFILL MATERIAL:
I I I I I

I J Cement-Bentonite Grout
I I I

I I I I I

I \I I I 1/ BOREHOLE DIAMETER:

I I 'I I I I' 8.000 in

I
BOREHOLE

I I I I I
I DEPTH:

I I I I
I 40.lOft

I I I I I
I I I I I SEAL MATERIAL:

I

I I I I I Bentonite
I

I I _______ I I I I I
I I f I I I I
I I SEAL LENGTH:

I I I
I I 2.00 ft

I I CASING DEPTH:

I I I I I I I 4O.OOft
I _______ I I I I I

I I I I I I I I
I I I I I I I
I I I I I ___ I I ________ I
I I I I I_I I I I
I I I I I ___ I I I I
I I I I I_I I I I
I I I I I ___ I I I I

I I I I I I SCREEN LENGTH:

I I I I I _____ I I 9.Thft
I

I I FILTER PACK — I I I I
I I LENGTH: I_______I I I I
I I 12.10 ft — I I I I
I I I I__ I I ______
I I I I I I I I I
I I I I I I I I I
I I I I I BLANK LENGTH:

I I I I I I O.3Oft
I

I I I I I I I I I

I I I I I I I _____________
I I I I I
I ______________ I
I FILTER PACK MATERIAL: 8-20 SiLica Sand

I _________________________
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64 247
WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB I

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB I 9. INSTALLATION DATE: 3/28/90 I

I 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN I

I 2. LOCATION: Site LFO4 I 11. ZONE OF COMPLETION: Aquifer

I 3. INSTALLING CO.: Radian Corporation J 12. SEAL END DEPTH: 20.90 ft

I 4. WELL NO.: LFO4-O2 J 13. MEAS. POINT ELEV.: 623.68 ft MSI I

I 5. WELL OWNER: U.S. AIR FORCE J 14. CASING DIAMETER: 2.00 in I

I 6. WELL TYPE CLASS: MONITORING WELL J 15. CASING MATERIAL: ScheduLe 40 PVC I

I 7. FORMATION OF COMPLETION: J 16. SCREEN BEGIN. DEPTH: 23.10 ft

I 8. LOCATION TYPE: WL J 17. SCREEN SLOT SIZE: 0.02 in I

18. REMARKS: 1-1O'x2"xO.02" Screen,3-1O'x2" Risers,1-Cut piece (—O.4'),l-Locking Cap, 1-bottom Cap I

I _________ TOP OF CASING

I I I I
I GROUND SURFACE ______________________________________________ I

I I I I t
I I I I I I I

I I BACKFILL MATERIAL:
I I I I I I

I I Cement-Bentonite Grout
I I I I

I I I I I I I I

I \I I I / BOREHOLE DIAMETER:
I

I I 'I I J \ 8.000 in
I

I BOREHOLE I I I I I
DEPTH:

I I I I I I

I 37.7Oft
I I I I I

I I I I I I SEAL MATERIAL:
I

I I I I I Bentonite
I I

I I ______ I I I I I I

I t I I I I I I

I SEAL LENGTH:
I I I

I I 2.00 ft
I I J

CASING DEPTH:
I

I I I I I I I 37.65ft
I

I 'I, I I I I I I

I t I I I I I

I I I I I I I I

I I I I I ___ I I ________ I

I I I I I_._.._..I t I I
I I I I ___ I I I I I

I I I I I...___I I I I I
I I I I ___ I I I I I
I I I I I I I SCREEN LENGTH:

I I

I I I I I________ I I 14.35 ft
I

I I FILTER PACK — I I I I I

I I LENGTH:
I ________ I I I I

I I 16.80 ft — I I I I I

I I I I__ I I ______ I

I I I I I I I t I I

I I I I I I I I I I

I I I I I I BLANK LENGTH:
I

I I I I I I I O.2Oft
I I

I I I I I I I I I I

I I I I I I _____________ I

I I I I I I

I ______________ I I

I FILTER PACK MATERIAL: 8-20 SiLica Sand I
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64 248
I WELL COMPLETION LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB I

1. PROJECT: IRP PHASE II STAGE 2, CARSIJELL AFB I 9. INSTALLATION DATE: 4/3/90 I

1 10. WELL COMPLETION METHOD: GRAVEL PACK Il/SCREEN

I 2. LOCATION: Site LFO4 I 11. ZONE OF COMPLETION: Aquifer I

3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 19.40 ft I

J 4. WELL NO.: LFO4-03 I 13. MEAS. POINT ELEV.: 623.25 ft MSL

[ 5. WELL OWNER: U.S. AIR FORCE I 14. CASING DIAMETER: 6.00 in

I 6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: ScheduLe 80 PVC

7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 22.40 ft

I 8. LOCATION TYPE: WI I 17. SCREEN SLOT SIZE: 0.02 in

I 18. REMARKS: lxlOIx6N PVC 0.020 screen, 1x5'x6" screen, 2x10'x6" PVC riser, 1x5'x6M riser.

I

I

TOP OF CASING I

II I

I

GROUND SURFACE I I I

II I I

I I I I I

I BACKFILL MATERIAL: I I I I

( f Cement-Bentonite Grout I I I I

I I I I I I

I I 'I I I / BOREHOLE DIAMETER: I

I I 'I I I I' 14.500 in

I BOREHOLE I I I I

I DEPTH: I I I I

I 37.52ft ( I I I

I I I I I SEAL MATERIAL: J

I I I Bentonite I

I I I I

I I f I I

I I SEAL LENGTH: I I

I I 2.30 ft CASING DEPTH: I

I I I 37.42ft I

I I + I I I

t

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I t
I I

I I t
I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I FILTER PACK

I I LENGTH:

I j 18.12 ft

I I I

I I I

I I

I I I

I I I

I I I

I I I

I +

I I
I I I

I I
I ___ I
I — I
I ___ I

I I

I ___ I I

I — I I

I ___ I
I — I I

I ___ I
I — I I

I ___ I I

I I I

I I I

I I I

I I I

I I I

I I

SCREEN LENGTH:

14.26 ft

4,

f

BLANK LENGTH:

0.76 ft

FILTER PACK MATERIAL: 8-20 Silica Sand
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64 249
I WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB I

I

1. PROJECT: IRP PHASE II STAGE 2. CARSUELL AFB I 9. INSTALLATION DATE: 3/20/90 I

I 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN I

I 2. LOCATION: Site LFO4 11. ZONE OF COMPLETION: Aiifer I

I 3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 13.20 ft I

I 4. WELL NO.: LFO4-04 I 13. MEAS. POINT ELEV.: 612.07 ft MSL I

I 5. WELL OWNER: U.S. AIR FORCE I 14. CASING DIAMETER: 2.00 in I

I 6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: Schedule 40 PVC I

I 7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 15.20 ft I
I 8. LOCATION TYPE: WI. I 17. SCREEN SLOT SIZE: 0.02 in I

18. REMARKS: Soi.rded WelL after Conptetion, 25' BLS. * Caye-in from 25.2' - 24.8' I

_________ TOP OF CASING

I I I I

I GRWND SURFACE I I

I t I I I I t I

I I I I I I I

I I BACKFILL MATERIAL:
I I I I

I I Cement-Bentonite Grout I I I I

I I I I I I I I

I I \I I I I' BOREHOLE DIAMETER:
I

I I 'I I I' 8.000 in
J I

I BOREHOLE
I I I I I I

I DEPTH:
I I I I I I

I 25.2Oft
I I I I

I I I I I I SEAL MATERIAL:

I I j Bentonite I I

I _______ ___ I I I I

I I I I I I I I

I I SEAL LENGTH:
I I I I I

I I 2.10 ft
I I CASING DEPTH:

I

I I I I I I I 25.2Oft I

I ______ I I I I I I

I t I I I I I I

I I I I I I I I

I I I I I ___ I I ________ I I

I I I I I_I I I I
I I I I ___ I I I I I

I I I I_I I I I

I I I I ___ I I I I I

I I I I I — I I SCREEN LENGTH:
I I

I I I I _____ I I 9.73ft I I

FILTER PACK
I I I I I

I I LENGTH:
I________ I I I I I

I I 11.60 ft
J — I I I I I

I I I I I ___ I I 4' I I

I I I I I I t I I

I I I I I I I I I

I I I I I BLANK LENGTH:
I I

I I I I I I I O.32ft
I I

I I I I I I I I I I

I i ' I I _____________ I

I I I I I I

I 4' I I I

I FILTER PACK MATERIAL: 8-20 SiLica Send I
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E4 250
I WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB I

I

1. PROJECT: IRP PHASE II STAGE 2, CARSUELL AFB I 9. INSTALLATION DATE: 4/2/90 I

I 10. WELL COMPLETION METHOD: GRAVEL PACK U/SCREEN I

I 2. LOCATION: Site LFO4 I 11. ZONE OF COMPLETION: A.jifer I

I 3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 30.00 ft I

I 4. WELL NO.: LFO4-1O I 13. I4EAS. POINT ELEV.: 626.54 ft MSL I

1 5. WELL OWNER: U.S. AIR FORCE I 14. CASING DIAMETER: 2.00 in I

I 6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: ScheduLe 40 Pvc

I 7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 39.22 ft I

I 8. LOCATION TYPE: UL I 17. SCREEN SLOT SIZE: 0.02 in I

18. REMARKS: 4xlOSx2H Riser (-1.25), 1x2"xlO' Screen (0.020 SL), 1x2"xO.2' Sad. Trap, 1 - Locking 2" topcap, I

I FIush mount in cast iron vauLt grout. I

I _________ TOP OF CASING

I I I I
GROUND SURFACE I I I

t I I I I t I

I I I I I I I I
BACKFILL MATERIAL:

I I I
I Cement-Bentonite Grout ) I I I I

I I I I I I I I
\l f / BOREHOLE DIAMETER:

I

I I 'I I \ 8.000 in I

I BOREHOLE I I I I

I DEPTH:
I I

4950ft
I I I I I

I I SEAL MATERIAL:
I I

I I I I I I Bentonite ) I

I I ______ I I I I I I

I t I I I I I I

I SEAL LENGTH: I I I I

I f 4.20 ft
I

CASING DEPTH:
I

I I I I I I 49.lOft
I

I I ______ I I i I
I I I I I I I

1 I I I I I I I I
I I I I I ___ I I _______ I I
I I I I_I I t I I
I I I 1 1 ___ I I I I

I I I I I.........I I I I I
I I I I I ___ I I I I
I I I I I I SCREEN LENGTH: I

I I I I I _____I I 9.T3ft I
I FILTER PACK

J I I I I
I LENGTH: I_______I I I I I

I 1 19.50 ft — I I I I I
I I I I I ___ I _______ I 1

I I I I I I I t I I

I I I I I I I I I I

I I I I I I BLANK LENGTH:

I I I I I I O.lSft
I

I I I I I I I I I I

I I I I I I _____________
I I I I I I

1 _______
FILTER PACK MATERIAL: 8-20 SiLica Said I
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f4 25ii
I WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB I

I

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB 1 9. INSTALLATION DATE: 3/22/90 I
I 10. WELL COMPLETION METHW: GRAVEL PACK W/SCREEN I

I 2. LOCATION: Site LFO5 I ii. ZONE OF COMPLETION: Aquifer I

I 3. INSTALLING CO.: Radian Corporatthn I 12. SEAL END DEPTH: 11.80 ft

I 4. WELL ND.: LFO5-O1 I 13. P4EAS. POINT ELEV.: 621.96 ft P4SL I

I 5. WELL OWNER: U.S. AIR FORCE I 14. CASING DIAMETER: 2.00 in

I 6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: ScheduLe 40 PVC

I 7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 14.95 ft I

I 8. LOCATION TYPE: WL I 17. SCREEN SLOT SIZE: 0.02 in I

18. REMARKS: 1-1O'x2"xO.02" Screen, 2-1O'x2" Risers, 1-0.2 Bottom, 1-Locking Cap I

TOP OF CASING

GROUND SURFACE
I

I

I

I

I

I

II I tI t I I

I I I I I I I I

I BACKFILL MATERIAL: I I I I I I

I I
Cement—Bentoni te Grout I I I I

I I I I I I I I

I I 'I I I / BOREHOLE DIAMETER: I

I I 'I I I 8.000 in

f BOREHOLE I I I I I I

I DEPTH: I I I I I I

I 25.2Oft I I I I I I

I I I I I I SEAL MATERIAL:
I I

I I I I I Bentonite I I

I I I I I I I I

I I t I I I I I I

I I SEAL LENGTH: I I I I

I I 2.00 ft I I CASING DEPTH: I

I I I I I I I 25.OOft

I I 4 I I I I I I

I I t I I I I I I

I I I I I I I I I

I

I

I

I

I

I

I

I

II_II I

I

I

I I

I

I
I I I I I I I I I I

I I I I I_I I I I I
I I I I I I I I I I

I I I I I I I SCREEN LENGTH:
I I

I I I I I I I 9.75ft I I

I I FILTER PACK I I I I I

I I LENGTH: I I I I I I

I I 13.40 ft I I I I I

I

I

I

I

I

I

I

I

I

I

I I

I I

I
1 I

I

I

I I I I I I I I I I

I I I I I BLANK LENGTH: I

I I I I I I I O.3Oft I I

I I I I I I I I I I

I

I

I

I

I

I

I

I

I I I

I

I
I

I

I

4 4 I I I

FILTER PACK MATERIAL: 8-20 Silica Sand
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(4 2S
WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB I

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB 1 9. INSTALLATION DATE: 3/22/90

I 1 10. WELL COMPLETION METHCO: GRAVEL PACK U/SCREEN I

1 2. LOCATION: Site LFOS I 11. ZONE OF COMPLETION: Aquifer I

3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 15.00 ft

4. WELL NO.: LFO5-02 I 13. MEAS. POINT ELEV.: 622.69 ft NSL

I 5. WELL OWNER: U.S. AIR FORCE I 14. CASING DIAMETER: 2.00 in

I 6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: ScheduLe 40 PVC

I 7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 16.95 ft

I 8. LOCATION TYPE: WI I 17. SCREEN SLOT SIZE: 0.02 in

I
18. REMARKS: 1-1O'x2"xO.02" Screen, 2-1O'x2" Risers, 1-0.2 Bottom Trap, 1-Locking Cap

I

I I

I I

I _________ TOP OF CASING
I

I I I I

I GROUND SURFACE I I

I t I I I I I I

I I I I I I I I

I BACKFILL MATERIAL:
I I I I I

I Cement-Bentonite Grout
I I

I I I I I I I I

I I \I I / BOREHOLE DIAMETER:
I

I 'I I I I' 8.000 in

I BOREHOLE
I I I I I I

DEPTH:
I I I I I I

I 27.2Oft
I I I I I I

I I I I I I SEAL MATERIAL:

I I I I I I Bentonite
I I ______ I I I I I

I I t I I I I I

I SEAL LENGTH:
I I I I

I 2.00 ft CASING DEPTH: I

I I I I I I 27.OOft I

I I I I I I I I
I I 1 1 I I I I I
I I I I I I I I I

I I I I I ___ I I ________ I I

I I I I I_I I I I

I I I I I ___ I I I I I

I I I I I_I I I I I

I I I I ___ I I I I I

I I I I I — I SCREEN LENGTH: J I

I I I I _____ ( 9.75ft I I
FILTER PACK

I I I I I

I LENGTH:
I ________ I I I I

I I 12.20 ft — I I I I I
I I I I I ___ I I ________ I I
I I I I I I I 1 I

I I I I I I I I I I

I I I I ) BLANK LENGTH: I

I I I I I o.3Oft
J

I I I I I I I I I I

I I I I I I _______________ I

I I I I I I

I ______________ I I

I I
FILTER PACK MATERIAL: 8-20 Silica Sand
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64 253
I WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB I

1. PROJECT: IRP PHASE II STAGE 2, CA

I

RSWELL AFB 1 9. INSTALLATION DATE: 4/2/90

I 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN

1

I
2. LOCATION: Site LFO5 11. ZONE OF COMPLETION: Aquifer I

3. INSTALLING CO.: Radian Corporation 12. SEAL END DEPTH: 4.80 ft I

4. WELL NO.: LFO5-14 13. MEAS. POINT ELEV.: 602.98 ft MSL I

5. WELL OWNER: U.S. AIR FORCE 14. CASING DIAMETER: 2.00 in

6. WELl. TYPE CLASS: MONITORING WELL 15. CASING MATERIAL: Schedule 60 PVC

7. FORMATION OF COMPLETION: 16. SCREEN BEGIN. DEPTH: 5.12 ft j
8. LOCATION TYPE: WL 1 17. SCREEN SLOT SIZE: 0.02 in I

18. REMARKS: 1x2Hx5.01 Riser (-0.2 '), 1x2Ux10S Screen (-1.83'), 1x2"xO.13 Bottom cap, 1 Locking top, FLush Nouit
j wI cast-iron vault-grouted.

_________ TOP OF CASING
I

I I I I

I GROUND SURFACE I I I

I t I I I I t I

I I I I I I I
BACKFILL MATERIAL:

J J I

I Cement-Bentonite Grout I I I I I

I I I I I I I I

I I \I I I / BOREHOLE DIAMETER: I

I Il I I 8.000 in

I
BOREHOLE I I I I

I DEPTH:
I I I I I I

I 13.3Oft
I I I I I I

I I I I I I SEAL MATERIAL:
I I

I I I I I I Bentonite I I

I I ______ I I I I I

I I f I I I I I I

I I SEAL LENGTH:
I I I I I

I I 2.00 ft CASING DEPTH:
I

I I I I I I I 13.l5ft
I

I 1 ______ I I I I I I

I I t I I I I

I I I I I I I I I

I I I ___ I I ________ I I

I I I I I.._....._I I 1 I I

I I I I I ___ I I I I I

I I I I I_I I I I I

I I I I I ___ I I I I I

I I I I I I I SCREEN LENGTH:
I I

I I I I I _______ I I 7.9Oft I I

I I FILTER PACK — I I I I I
LENGTH: ________ I I I I

I I 8.50 ft
I I I I I

I I I I I ___ I I ________ I I

I I I I I I I I I I

I I I I I I I I I I
I I I I I I I BLANK LENGTH:

I I
I I I I I I I

O.l3ft I I

I I I I I I I I I I

I I I I I I I _____________ I
I I I I I I

I ______________ I I

I FILTER PACK MATERIAL: 8-20 SiLica Sand

B—i0



64 254
I WELL COMPLETION LOG RADIAN CORPORATION I INSTALLATION: CARSUELL AFB I

I

1. PROJECT: IRP PHASE II STAGE 2 CARSWELL AFB J 9. INSTALLATION DATE: 3/21/90 I

I 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN

I 2. LOCATION: Site LFO5 I 11. ZONE OF COMPLETION: Acjifer I
I 3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 11.60 ft I
J
4. WELL NO.: LFO5-18 I 13. MEAS. POINT ELEV.: 611.84 ft NSI I

J 5. WELL OWNER: U.S. AIR FORCE I 14. CASING DIAMETER: 2.00 in I

6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: ScheduLe 40 PVC I

7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 13.90 ft I

I 8. LOCATION TYPE: WL I 17. SCREEN SLOT SIZE: 0.02 in I
J 18. REMARKS: I

_________ TOP OF CASING
I

I I I I

I GROUND SURFACE ______________________________________________ I

t I I I I t I

I I I I I I I I

I BACKFILL MATERIAL:
I I I I I I

I I Cenient-Bentonite Grout I I I

I I I I I I I I

I tI I I / BOREHOLE DIAMETER: I

I I 'I I I 8.000 in
I

BOREHOLE
I I I I I I

I DEPTH:
I I I I I I

I 23.95ft I I I I I I

I I I I I I SEAL MATERIAL: I I

I I I I I Bentonite I

I I _______ I I I I I I

I I t I I I I I I

I I SEAL LENGTH:
I I I I

I I 2.00 ft I CASING DEPTH:
I

I I I I I I 23.9Sft I

I I _______ I I I I I

I I t I I I I I

I I I I I I I I I

I I I I I ___ I I ________ I I

I I I._.__I I t I I
I I I I I ___ I I I I I

I I I I I_.........I I I I I
I I I I I ___ I I I I

I I I I I SCREEN LENGTH:
I I

I I I I I_____ I I 9.74ft I I

I FILTER PACK — I I I - I I

I I LENGTH: I________ I I I I I

I I 12.75 ft
I I I I I

I I I I ___ I I _______ I I

I I I I I I I t I I

I I I I I I I I I

I I I I I I BLANK LENGTH:
I I

I I I I I I O.3Oft I I

I I I I I I I I I I

I I I I I I I _____________ I

I I I I I I

I 4, I I

I I

I FILTER PACK MATERIAL: 8-20 SiLica Sand I
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64 255
I WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB I

I

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB I 9. INSTALLATION DATE: 3121/90 I

I 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN I
I 2. LOCATION: Site LFO5 I 11. ZONE OF COMPLETION: Aquifer I
I 3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 8.15 ft

I 4. WELL NO.: LFO5-19 I 13. MEAS. POINT ELEV.: 606.08 ft MSL I

I 5. WELL OWNER: U.S. AIR FORCE I 14. CASING DIAMETER: 2.00 in

I 6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: ScheduLe 40 PVC I
I 7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 10.25 ft I
I 8. LOCATION TYPE: UL I 17. SCREEN SLOT SIZE: 0.02 in I

18. REMARKS: Casing is actuaLLy 19.9' but sits 0.4' beLow Land surface; 1-1O'x2'1 Screen, 1-10' Riser, 1-0.2'

I Bottom Trap, 1-Locking Cap I

I _________ TOP OF CASING
I

I I I I
I GROUND SURFACE I I
I t I I I I I I

I I I I I
I I BACKFILL MATERIAL:

I I I I I
I I Cement-Bentonite Grout

I I I I I
I I I I I I I I
I I ______ I I / BOREHOLE DIAMETER:

I

I I 'I I I I' 8.000 in
I

I BOREHOLE
I I I I I I

DEPTH:
I I I I I I

I 20.75ft
I I I I I I

I I I I I I SEAL MATERIAL:
I I

I I I I I Bentonite
I

I I ______ I I I I I I
I I t I I I I I I
I SEAL LENGTH:

I I I I
I I 2.55 ft

I I CASING DEPTH:
I

I I I I I I I 20.3Oft
I

I I _____ I I I I I I
I I t I I I I I I

I I I I I I
I I I I I ___ I I ________ I I
I I I I I_I I I I I
I I I I I ___ I I I I I
I I I I I_I I I I I
I I I I I ___ I I I I I
I I I I I — I I SCREEN LENGTH:

I I
I I I I I _____ I I 9.7Sft I I

FILTER PACK
I I I I I

I I LENGTH:
I ________ I I I I I

I 12.60 ft — I I I I I
I I I I I ___ I I 'I' I I
I I I I I I I 1 I I
I I I I I I I I I
I I I I I I I BLANK LENGTH:

I I
I I I I I I I O.3Oft I I
I I I I I I I I I I

I I I I I I _____________ I
I I I I I I
I ______________ I I I

I FILTER PACK MATERIAL: 8-20 SiLica Sand

I ___ I

B— 12



APPENDIX C

Well Development Information

(Previous Well Development Information may be found in
CH2M Hill (1984), Radian (1986), and Radian (1989))
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APPENDIX D

Water Quality Sampling Records

(Previous Water Quality Sampling Records may be found in
CH2M Hill (1984), Radian (1986), and Radian (1989))
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GROUND WATER QUALITY SAMPLING RECORD4 264
PAGE 1 OF 2

BAMPLES TYP SAO
D- DIJPUCATE FB -
R. REPUCATE TB.
S. SPIKE L3-
K. KJWPI N.

SAMPLE METhOOt (WSMCODE)

G- GRAB
B- BALER
PP PRiSTAuC PUMP
SL.. SUCflON UFT PUMP

- SUSM LE PUMP
AL - MR.UFT SAMPLER
BP. BLACCER PUMP

INSTALLATiON ID _______ LOG DATE ___________ LOG TiME
LOCATiON ID -0/ LOT CONTROL NO. ___
SAMPLE T1'PE L/'0'' ''' SAMPLE ID

-T/2 ',,i

SAMPLE DEPTH (FT.) S7?—

1*'. ' '62.
INITIAL GROUNDWATER DEPTH (FT)
SAMPLING PERIOD: STA9T 'S0 COMPLETE
SAMPUNG METHOD '' LOGGER COOE_______________
LAB CODE DATE SENT /ZL:)9O
PRESERVATION METHOO '' ''1
COMMENTS

FIPUL PARAMETER MEASUREMENTS: DETECTiON

POTENTIAL OF HYDROGEN pH s.u. 2O/
SPECIFIC CONDUCTANCE SC MmhosIcm - /
RED OX POTENTIAL Eh mvolts
TEMPERATURE TEMP •C
ALKALINITY (CaCO3) ALK mg/I

7,Jt-(A i9Lk'.2/&d'f- 7-tl ñ 3 V9 71 724 4/fC "4
:

TIME
TOTAL VOLUME
WITHDRAWN pH mhosIcm COMMENTS

(GALS) Bw Vo$um.sJ

0.0 0.0 - - START PUMPING

Yf,' /. o 3,/ 9y Ai. 7#6")
2.0 t3' 9o 2 '
5.0 9 1/

J95p '0 9s "
99% .o . ?71- 7 2c ,,i 6. t 96z..- ;ac "

L8 BLAMC
NORMAL
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GROUND WATER OUAUTY SAMPUNG RECORD (4 265

PAGEI OF 2

INSThUJTION ID _______ LOG DATE

LOCATION ID
-
'V

','s'b

LOG TIME _______

SAMPLE DEPTH (FT.)

,,

I,

,,

SAMPI.!! TYPIt WSACODE)
0. JPUC*TE Fl.
R. UCATE TB.
S. SPEE LB.
IC. IGIOWN N.

TP &N2
NOAL D—4

SP'. SUBMt1 PUMP
N.. N.UFV SAMPLER
BP - BLADDER PUMP

SAMPLE VPE SAMPLE ID

LOT CONTROLNO.

A '-
INiTIAL GROUNDWATER DEPTH (FT) '2Jt, 2
SAUPUNG PERiOD: STARS "f'l1 COMPLETE y2/t
SAMPUNG METHOD LOGGER CODE______________
LAB CODE DATE SENT_______________
PRESERVATION METHOD- "" -
COMMENTS t)p, (/7 b-c7;- 12 4t 9

FIPtL PARAMETER MEASUREMENTS: DErECTiC

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC J4mPlos/cm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKALINITY (CaCO3) ALK mg/I

,7,I4i.7rA'j &n-,j ','i iii '-
TIME

TOTAL. VOLUME
WITHDRAWN pH Ij&mhoslcm

—
COMMENTS

(QAL$J lots Volumos
0.0 0.0 — — - START PUMPING

/1-/,') /. (-' 4 Ziç 7Z2O/

/g 6' 33 7,c
//-V i2 1/ qd/

/T ,,f1h/dv 7.'6 ii)
,/

//'/' 'i t35 13/ Ic
/)O 4. h3 59 7'. jL., o g; /-'7O5 th;';'e

SAMPLE METhO0(WSUCODE
G- GRAS
B. 9JE
PP - PEM4TAUC PUMP
SI. - SUCTION LiFT PUMP



GROUND WATER OUAUTY SAMPLING RECORD 64 266
PAGE 1 OF 2

SAMPLES 1YPES (WSA)DE)
D - DUPUCATE FB.
R. REPUCATE TB -
S. SPIKE LB-
K- KNOWN N.

SAMPLE METHODS: WSMCODE)

G- GRAS
B- BALER
PP - PERISTAUC PUMP

- SUCflON UFT PUMP

D— 5

SP - SUBMEZBLE PUMP
AL- MR.UFT SAMPLER
ØP BI.ADDER PUMP

INSTALLATION ID ________ LOG DATE

LOCATiON ID __________________
SAMPLE TYPE 4/

/
SAMPLE ID

LOT CONTROL NO.

LOG TiME '72-

SAMPLE DEPTH (FT.) '- '/3 77__-

INITIAL GROUPWATER DEPTH (PT) / 7 z/. (roe) io, ' 3v
SAMPUNG PERIOD: START_________________ COMPLETE
SAMPLING MET)OD LOGGER CODE
LAB CODE /'/ DATE SENT -''//9o
PRESERVATiON METHOD q / /

COMMENTS ,
i__. /Z.qz',57-1&

FUML PARAMETER MEASUREMENTS: DETECT1ON
UMIT

POTENTIAL OF HYDROGEN pH S.U. 4 6'Z- 0. C'/
SPECIFIC CONDUCTANCE SC umhoslcm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKALINITY (C&C03) ALK mg/I

7O/14/i'7 (2') . )// J//;; /.p q7 (cz %
TIME

TOTAL VOLUME'
WITHDRAWN(.''6 pH

SC
(umhoslcm)

TEMP
(C) COMMENTS

.

(GALS) Bi VoIum•s
0.0 0.0 — — - START PUMPING
2 / / - . & 7 fl' /S. i'z a-7' rni d '1

g: /c Li '& '7.5 is'. 73 3. 2'Z b2 19 / "

F1E3..D BLANK

TRIP BLANC

LaB BLANC

NORMA).



GROUND WATER QUALITY SAMPLING RECORD 64 267
PAGE 1 OF 2

INITIAL GROUPWATER DEPTH (FT) '1 (TOfl
SAMPLING PERIOD: START
SAMPLING METHOD
LAB CODE
PRESERVATION METHCO_
COMMENTS

SAMPLE DEPTh (FT.) — #B

SAMPLES fPE5 (SADE)
D - DUPUCATE FB -
R. REPUCATE TB -

S. SPIKE LB.-
K- KNOWN N-

SAMPLE UErNOOS (WSMCODE)

G- GRAB
B- B'JLER
PP - PERTAUC PUMP
SL. - SUCTION UFT PUMP

D—6

DETECTIO..
UMif

/

- SUBM8LE PUMP
Al. - AIR-LIFT SAMPLER

BP - B1.ADOER PUMP

INSTALLATION ID ________ LOG DATE

LOCATION ID —/2

SAMPLE TYPE 4/ SAMPLE ID

LOT CONTROL NO.

LOG TiME /t7/

__________________/ 7, / 2 )C) 7 2. Tf-/ x ? 7-

________________ COMPLETE ///4___
________________ LOGGER CODE

DATE SENT ________-.• /D ' z) v1771

FINAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFIC CONDUCTANCE
REDOX POTENTIAL Eh
TEMPERATURE TEMP

ALKALINITY (CiCO3)
herohOtr (P) MkqjI.,?( O.U

I cIirf'i rç+(.',.d 1O r/L

pH S.U.
SC umhos/cm

mvolts
'C /;7

ALK mg/I

-((--erecl 33(Q rn9/L

TIME
TOTAL VOLUME
WITHDRAWP'PpH

SC
(umhoslcm)

TEMP
(C) COMMENTS-

GALS) $oi Volum•s/ç —_0.0
0.0 — — START PUMPING/t'

'o';
Z.O
/ p

9q
/37-

$T9g

5:/c
96b /

c
/L'L (("(

,/;9ip-/ L-I.&j' /1'yi'5 O 2/ M ZO /
//9') th') z?c vo /� '/

/L O 3 2? $V /1 /91, f /i7 5/;'v 74P6',

:
J

I

j

D NKTP B
LAB BLAM(
NORMAL
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SAMPLEB 1YPE& WWOD8
0. 0UPUCTE FI-
R. REPLICATE TB.
S. SPI(E LB.
K. KNOWN N.

FE
TmP

LAB BLM(

-

- SUBI4"'iF PUMP
N.. MN.urr w.sPt
BP- BLADDE PUMP

INSTAU.ATION ID ________ LOG DATE

LOCATION ID

SAMPLE TYPE_____ SAMPLE ID

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTH (Fr.)

/
INITIAL GROUNDWATER DEPTH (FT) '' — 3
SAMPLING PERIOD: START /C4'L. COMPLETE
SAMPLING METHOD A) LOGGER CODE_______________
LAS CODE DATE SENT________________
PRESERVATION METHOD

''' ''' -
COMMENTS

FINAL PARAMETER MEASUREMENTS: DETECTIO

POTENTIAL OF HYDROGEN pH S.U. '' 9L — /2
SPECIFIC CONDUCTANCE SC umhas/cm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKALINITY (CaCO3) ALK mg/I,-tJ.4/(

'7Z'i--_ ,9' 2. J 777?r- ,'±$4 1*.:f-
.

TIME
TOTAL VOLUME
WITHDRAWN pH (umh.slcm) COMMENTS

(GALS) Bore Voaumss/ 0.0 0.0 — — - START PUMPING

;3 .c- , z 6 z� / / r 7*tJ s '—z ' 7/'&/),ç '. 6' 7 b e "
cs-2 •c. o q- - -'
s/ c 9' 6B 6 "/c .5___ . . g, p ,,

9', — — — -;;-

SAMPLE METHOCCODE)
0- ORAl
B- BAiL
pp PERTAUC PUMP
SL- SUCTION LT PUMP



GROUND WATER OUAUTY SAMPUNG RECORD 64 269

INITIAL GROUNDWATER DEPTH (Fl')
SAMPLING PERIOD: STARJ
SAMPLING METHOD
LAB CODE __________
PRESERVATION METh( ' ' -
COMMENTS ____________________

SAMPLE TVPE! (WSAGOO
0. DuPuC_T'E FE- F1B.DBLANK
R. UTE TB- TPELl.M(
S. SPEE LB. LABaJM(
K- IOJOWN N- NORMAL. D-8

EMHDt
G- GPAB
B- &*JLER
PP. PE,uoiAUC PUMP
SL. SUCTION UFT PUMP

PAGEIOF2

SAMPLE DEPTH (FT.) '-
INSTALLATiON ID (- '"- LOG DATE
LOCATIONID

SAMPLE TYPE___________ SAMPLE ID
LOT CONTROL NO.

LOG TIME /

/ .}- Jj ,i,i i3T - *-)'-.?y v2J
__ COMPLETE /'t'co (,J')
LOGGER CODE ' "
DATE SENT /i0Mc

DETECTI(PARAMETER MEASUREMENTS: urr.

POTENTIAL OF HYDROGEN pH S.U. —

SPECIFIC CONDUCTANCE SC umho s/cm /
OX POTENTIAL Eh mvolts -

TEMPERATURE TP C
ALKALINITY (CaCO3) ALK mg/I

lb.(4'44/( 0b7Zi l,v-fl ,- %
• TOTAL VOLUME SC EMP COMMENTSWITHDRAWN pH (umhe,jcm) (C)

(QALS) Bore Volames

00 0.0 - - START PUMPING --'L�7 4�0"-
2.2 Z c2- 'Z' -'o 6.z � h3. / '/i/ .Z1 '. .9L

£7 ' 3 3 (,3.o -

zcc oi
17

,'9Zic

13?44-'/<'

tz'
,41'

zc
0 -

- SlJB4'1 PUMP
M.. NR-urr WWtER
BP. BLADDER PUMP
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SAMPLES TYPES; cwSADE)
0- D1JPUTE FE.
R. RUCATE TB.
S. SPIKE LB.
K. KNOWN N.

TRP BL
LAB BLMC
NORMAL

W4STALLAI1ON ID LOG DATE
' -

LOG TiME

L.OCATION ID
-

LOT CONTROL NO.

SAMPt.EVIPE_________ SAMPLE ID SAMPLE

45?-"

DEPTH (FT.) J/2

77
INITIAL GROUNDWATER DEPTH (FT) -
SAMPUNG PERIOD: START COMPLETE /c5'C
SAUPUNG METHOD LOGGER CODE_______________
LAB CODE S DATE SENT -'
PRESERVATION METh(' "
COMMENTS

RPL PARAMETER MEASUREMENTS:
DETECTION

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC j*mhas/cm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C

ALKAUNITY(CaCO3) ALK mg/I° ,i'i c7 i'i- #tév' ,cz.&' ,Icz
:

TIME
TOTAL VOLUME

WITHDRAWN pH jamhe•lem
1COMMENTS

(GALS) Bore Volumes

o.o 0.0 - - - START PUMPING

/S22 /. 0 4 Z /q
,5_zq Z 0 /zz- ZT i/6,iz' 7Zd
jçz 'Zs9- "o 6.3c /263 6- "
ico 3T1) . 6.0 /ZL3 6'> I,

/5_i) a 6. '/o /&' JC f 17 /)7

SAM MHOOS; Mcoo
G- GRAB
B. MILM
PP . PMZSTALIC PUMP

SL. SUCTION LIFT PUMP
D— 9

AL.
SUBMLE PUMP
MFT SAMPLE
BLADOER PUMP



GROUND WATER OUAUTY SAMPUNG RECORD 64 2?1
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INSTALLATiON ID (5' LOG DATE
LOCATiON 10 L4-2 '/ -
SAMPLE TYPE ' & SAMPLE 3D

LOG TiME /22

SAMPLE DEPTH (FT.) ''
= '

— COMPLETE ______
LOGGER CODE
DATE SENT /'AYo

— / I

MMPLE3TYP5AO
0 - OIWLJCATE FB. F18D .ANIC
R- REPLICATE TB- TPBLAMC
S. SPIKE LB. LAB BLAM(
K. IOIOWN N. NORMAl.

D-1O

SAMPLE MEDI Ot (wsMD
G- GRAB
B- SALER
PP - PEMJTAUC PUMP
SI. - SUCTION IfT PUMP

SF - SUMM1 PUMP
AL - MR-UFT SAMPLER
BP- BLADDER PUMP

LOT CONTROL NO.

INITIAL GROUNDWATER DEPTH (F'!') -
SAMPLING PERIOD: START
SAMPLING METHOD
LAB CODE __________
PRESERVATION METhC
COMMENTS

FINAL PARAMETER MEASUREMENTS:
DETECTIC

POTENTIAL OF HYDROGEN pH S.U.
SPECIFiC CONDUCTANCE SC umho$Icm /
RED OX POTENTIAL Eh mvolts —
TEMPERATURE TEMP C

ALKALiNITY (CaCO3) ALK mg/I,PV 1./(-7 /44::, r2.i; ,6L, —
.

TIME
TOTAL VOLUME
WITHDRAWN pH

SC
ImhesIcm COMMENTS

(GALS) lot. Volum.s

/2" 0.0 0.0 — - - START PUMPING

9 �T &m' 6 9s ?O Z''v 2L'-
/O) "V2 / c "/ ) b 69S", '/ . c3/ ,3 5 I"
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INSTALLATION ID ________ LOG DATE
LOCATIONID L -

A/

SAMPLE TVP!3
0- OUPUCATE F!. F1E.DBLiei
M. RUCATE TB. TP BLANK
S. SPOCE 1.8- LeBBLANC
(. IQIOWP4 N. NORMAL

1)—il

G- GRAI
B. BAILER
PP. PrAIJC PUMP
SL. SUCTION LFT PUMP

SAMPLE TYPE SAMPLE ID

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTh (Fr.) ?tL' '37.

INITIAL GROUNDWATER DEPTH (FTJ Z/5i '4'—
SAMPUNG PERIOD: STARS ///t COMPLETE //27
SAMPUNG METHQO "s' LOGGER CODE______________
LAB CODE /'4e".-' — DATE SENT_______________
PRESERVATION METhOD -
COMMENTS

FiNAL PARAMETER MEASUREMENTS: DETECflC

POTENTIAL OF HYDROGEN pH S.U. /• '
SPECIFIC CONDUCTANCE SC gmhoslcm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKAUNITY (CaCO3) ALK mg/I

'9L/e - 07z , 7z- 9zr - 4%
.

TIME
TOTAL VOLUME

WITHDRAWN pH (umh.slcm) COMMENTS
(AL3) Bore Vosum..// 0.0 0.0 - - START PUMPING

Z/t9 t) A 98t' 4i,5z, &A/7 2L'aV
///Z Z. 5 9 "

992 "
///Ø 5 "

AL.
.

SUBM'iF PUMP
MRT MER
BLADDER PUMP



GROUND WATER QUALITY SAMPUNG RECORD 64 23
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INSTAU..AT1ON ID ________ LOG DATE

LOCATION ID
Al

/a �_.o 3

_________ LOG TIME

LOT CONTROL NO.

% 9:

SAMPLE DEPTH (Ft) 2/.. q

'I

&MPLE3TYPOfl
D. OUPUCTE FS. FIE.D .ANK
R. LJCATE TB • TP BLAMC
S. SPXE LB. LABBLAMI
K- KdOWN D-12

MM1 MHODW
G. GR&8
B- BAILEM

PP - PTAUC PUMP
S. SUCTZON LET PUMP

SAMPLE TYPE SAMPLE ID

INITIAL GROUNDWATER DEPTH (FT) ,172— 52/
SAMPUNG PERIOD: START /',?— COMPLETE /'2�
SAMPUNG METKOD LOGGER CODE
LAB CODE '''" DATE SENT 7/O
PRESERVATION METHC' g //4/ -;?
COMMENTS

FINAL PARAMETER MEASUREMENTS:
DETECTIO

POTENTIAL OF HYDROGEN pH S.U. '. P2 —

SPECIFIC CONDUCTANCE SC iimhas/cm /
REDOX POTENTIAL Eh mvolts —
TEMPERATURE TP C (2/
ALICAUNITY (CaCO3) ALK mg/I

4'4// 77'i k /�Z 7i2 i4x 34S
.

TiME
TOTAL VOLUME
WITHDRAWN pH (umho.ICm)

,

COMMENTS

(GALS) Be'. Ve$uniss

0.0 0.0 - - - START PUMPING

/,qçç te2 z 41M5 (-/,q7p
9c'Y 2.C2 i/ 95 !Z' "

.3. �- g0z-

i7,O b.o • to /O -- 1-eq 7,,

P PUMP

AL. MR-Urr SAMPLER

BP - BLADOER PUMP
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SAMPLES TYP sAa
0. OUPUCATE Fl -
R. REPLICATE lB-
S. SPIKE LB.
K. KNOWN N-

TP BLANK
L&8 BLANK

NORMAL D—13

SAMPLE TYPE

NSTALLAT1ON ID _______ LOG DATE /'9 LOG TIME C29Z)
LOCATION ID____________________ LOT CONTROL NO.__________

SAMPLE ID SAMPLE DEPTH (FT.) 7$

723c 7(.'j)
INITIAL GROUNDWATER DEPTH (FT) '''
SAMPUNG PERIOD: START________________ COMPLETE "'
SAMPUNG METHOD - LOGGER COOE —
LAB CODE DATE SENT
PRESERVATION METH '" -
COMMENTS ,'- Li 7i--
FINAL PARAMETER MEASUREMENTS: OETECTIOt

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC umhos/cm /
RED OX POTENTIAL Eh mvolts
TEMPERATURE TEMP C

ALKAUNITY(CaCO3) ALK mg/I
'ltf('

17/*L r-*' 9-' 638 7y t2' '4L1(' ) �5 W/
TIME

TOTAL VOLUME
WITHDRAWN pH mhosIcm COMMENTS

(GALS) Jor. Vo$um•$

0.0 0.0 - - - START PUMP ING

''7 ta 6.i 5zc 68o ,6t.4185r 3qflq
c2 20 .9Z I7 i-#rY 72,/'

5.a 6.9i' m'
93 3. t9? 1"/ 9- I'

993e . I'
7q5 5i,.I3 "

SAMPIZMEOOtMDDD
G. GRAB

B- BALER
PP - PERSTAUC PUMP
SI... SUCflON UFT PUMP

AL-
SUBMERSBLE PUMP

MRT SAMPLER
BLADDER PUMP



GROUND WATER QUALITY SAMPUNG RECORD

INSTALLATIONID _______ LOG DATE ___________ LOG T1ME

LOCATION ID •'" LOT CONTROL NO.___

(4 275
PAGEI 0F2

PD BLANK
TP BLANK
LB BLANK

NORMAL D—14

SAMPLE MErHOD (WSM000E)
G- GRAB

B. BAILER
PP. PERtSTAUC PUMP

SL. SUCTION LiFT PUMP

. SUBMBLE PUMP
AL. MA-LiFT SAMPLER
BP- BLADDER PUMP

SAMPLE TYPE SAMPLE ID

/97()

SAMPLE DEPTH (FT.)

•'Z- Z,t)-6,-c
INITIAL GROUNDWATER DEPTH (FT) ''-' /

SAMPUNG PERIOD: START /- COMPLETE ____________
SAMPLING METPJ,00 LOGGER COOE
LAB CODE ___________ DATE SENT
PRESERVATION METh '-'O; 41ti S

COMMENTS 2)-z

ANAL PARAMETER MEASUREMENTS: DETEC71LI

POTENTiAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC umho.Icm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKALINITY (CaCO3) ALK mg/I/t4.i97i f4ifL 7 19Lf '5 '% 7� ij "'-4( 3?/ '4'/L

.

TIME
TOTAL VOLUME

WITHDRAWN pH
SC

tnho.lcm) COMMENTS
(GALS) Bet• Volume.

o.o 0.0 - - - START PUMPING

/6'5 ' /0 6f3 �Z— sb. o ,41i
/'5'/ i9 ft- —ii'/ 3• 5 7? Lt/6 e9$ 6.°r '1 ;?ao/w) ,#'
,w7 •j) Øiz • 7/j,fjfji Lé
/75) 0 ' $7 P ', 677ZL1

SAMPLES TYPES

0. 0UPUTE FB.
A - REPUCATE TB.
S. SPIKE LB.
K- KNOWN N.



GROUND WATER QUALiTY SAMPUNG RECORD C4 27G
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SAUTYPO
0. OIWUCEFE FB. Fm.DANK
M. JCME 18. TPBLAMc
S. SPIKE LB. LAB BLAM(
K. IGOWN P4• N°AL D—15

EMHODS
3- GRAS.
B- MLER
PP. PVITAjJC PUMP
SI.. - SUCTION uFT PUMP

INSTALLATiON ID _______ LOG DATE

LOCATiON ID____________________ LT CONTROL NO.
SAMPLE TYPE__________ SAMPLE ID

LOG liME //962

SAMPLE DEPTH (FT.) L

INITIAL GROUNDWATER DEPTH (FT)
SAMPLiNG PERIOD: STARS COMPLETE
SAMPUNG METHOD LOGGER CODE______________
LAB CODE /e" DATE SENT________________
PRESERVATION UETh()
COMMENTS

RNAL PARAMETER MEASUREMENTS:
DETECTIC

POTENTIAL OF HYDROGEN pH S.U. —
SPECiFIC CONDUCTANCE Sc gmhos/cm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE T.4P C

ALKALINiTY (CaCO3) AL.K mg/I
,.jIe'. 4(l( - 0

1bi-.,i L154 4 if 9? d-.1 #4tIc' 3
.

TIME
TOTAL VOLUME

WITHDRAWN pH (WOBlCfl') I!& COMMENTS

(GALS) Bor. VOIuMS.

0.0 0.0 - - START PUMPING

/'ffJ /p /695 e"c vr 716
2.C ,'9 "// 3.C .SZ- '"� I# ,(

/.//3 .ç ijç ,.czo 6/ //
rVta 0 ._______ bJ6 ivVo 5 5im-" 7"

i'/2.3 6.o i3o 9c .

"'Z .O /32' ", .o 6øq /tO "
'ze 9 /2�0 69P

W- JBM'qiF PUMP
AL. MN.UFT SAMPtER- BLADDER PUMP



GROUND WATER OUAUTY SAMPUNG RECORD
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MMPLES V(PE 5AOD
0- DUPLICATE
M- RSPUCATE ri.
S. SPIKE LB.
- POOWN P4-

LOT CONTROL NO.

,ico

G- GRAS
B- BALER

PP - PiAUC PUMP
- SUCflON LIFT PUMP

SAMPLE TYPE

INSTALLATiON ID _______ LOG DATE

LOCATION ID
4/ SAMPLE ID

LOG TIME /230

SAMPLE DEPTH (Fr.)

,
INITIAL GROUNDWATER DEPTH (FT) ,?2?'- 6a
SAMPLING PERIOD: START________________ COMPLETE
SAMPLING METhOD LOGGER CODE_____________
LAB CODE DATE SENT 7—jç-9)
PRESERVATION METh A/4103 4l,-t4
COMMENTS

FINAL PARAMETER MEASUREMENTS:
DEI•ECflC

POTENTIAL OF HYDROGEN pH S.U. -
SPECIFiC CONDUCTANCE SC Mmhos/cm —

/

REDOX POTENTIAL Eh mvolt. — —
TEMPERATURE TEMP C
ALKALINITY (CaCO3) Al-K mg/I

e'''- ed -' '- "/ -' ,';i&1 i' -7 '.
TIME

TOTAL VOLUME
WITHDRAWN P11 Ijjmho.ICm) COMMENTS

(GALS) Bets Voium•s

,2cf 00 0.0 — - - START PUMPING

/ZV /-12 /Z52 —A9,'—
,2'c t 0 s 9 /ZbO éi5
,?c 3 b

,4TO5 I::?94') /?4'A
I,

/5O7 o 6.61

,/
,,

ao &M*
TP
LAS

D— 16

SP- SUBM1RtE PUMP
AL- AlA-LiFT SAMPLER
BP. BLADOER PUMP



GROUND WATER QtJAUT'q SAMPLING RECORD

SAMPLES TYPES (WSACODE)
0 - DUPUCATE FB. FIELD BLANK
R. REPUCATE TB - TRIP BLANK
S. SPIKE LB. LABBLANK
IC- KNOWN N- NORMAL

SAMPLE METHODS: (WSMCODE)

G- GRAB
B. BAiLER
PP - PERISTAuC PUMP

SL. SUCTION LT PUMP

INSTALLATION ID ________ LOG DATE

LOCATiON ID _____________________
SAMPLE TYPE 'V SAMPLE ID

LOG TiME

LOT CONTROL NO.

SAMPLE DEPTH (FT.)

INITIAL GROUPWATER DEPTH (FT)
SAMPLING PERIOD: STA COMPLETE

'
SAMPUNG METHOD LOGGER CODE /?rn#v'
LAB CODE DATE SENT_________________
PRESERVATION METHOD
COMMENTS

DETECTiONFIPL PARAMETER MEASUREMENTS:
UMIT

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC jmhos/cm — /
REDOX POTENTiAL Eh mvolts
TEMPERATURE TEMP C —
ALKALINITY (CaCO3) ALK mg/I
Po1k:jri., 1) C

r., t.2 t2/L

TIME
TOTAL VOLUME

WITHDRAWN pH
Sc

Iiamhoslcm)
TEMP
(C) COMMENTS

(GALS) Ber. Votum..

j/O 0.0 0.0 — — - START PUMPING
O V
og

I. O

Z3
? 6. �4

4/ o / "F 24'. - t s'I. ti,4,J
/1

0C2. ,a ./çç (i.C "
�3 3. — — — '-I /

D- 17

SP - SUBMIBLE PUMP
AL. MR-LIFT SAMPLER
BP. BLADDER PUMP



GROUND WATER QUALITY SAMPLING RECORD 64 279
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SAMPLES TVPES (WSADE)
0- OUPUCATE Fa-
R. RUCATE TB -

S. SPKE La-
K. KNOWN P4-

SAMPLE METHODS: (WSMCODE)

0- GRAB
B- BAiLER
PD - PtNSTAUC PUMP

SL. SUCTION UFT PUMP

SD - SUBMBLE PUMP
AL- AJ-UFT SAMPLER
Be. BLADDER PUMP

INSTALLATION ID ________ LOG DATE

LOCATiON so

SAMPLE TYPE A! SAMPLE 10

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTH (FT.) 14/

7,7 Z '7Z' Z3. -
INITIAL GROUNDWATER DEPTH (FT) 2/ q'-
SAMPLING PERIOD: START t4' COMPLETE /9)
SAUPUNG METJ400 LOGGER CODE /?1
LAB CODE DATE SENT '7'i//912
PRESERVATION METHOD (p 2) ,w
OOMMENTS

- ilt 61L,'b /t;- 2-
DETECTIOI.

FINAL PARAMETER MEASUREMENTS: uMrr
POTENTIAL OF HYDROGEN pH S.U. b.
SPECIFIC CONDUCTANCE SC mhos/cm /
REDOX POTENTIAL Eh mvotts
TEMPERATURE TEMP c
ALKALINITY (CaCO3) ALK mg/I

fhfnc .0

T4d 5O r/L..
-

TOTAL VOLUME rEMP. COMMENTSTIME WITHDRAWP/" pH (Mmho$Icm) (C)
(GALS)

0.0 0.0 - - - START PUMPING

/"-
5cJ a 2 0 2'. / coo "

SO(, 3 / G.4't Q e.5 I

'I5\ 4. -'/.2'7 i2 "

-

-!

— !

RE_a
TP BLANK

LAB BLANK

NORMAL
D- 18



GROUND WATER OUAUTY SAMPLING RECORD
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PAGE 1 OF 2

INSTALLATION ID _______ LOG DATE
LOCATION ID LIT/9

SAMPLES TVP (WSADE)
D. DUPUCATE FB-
R. REPIJCATE TB.
S. SPIKE LB.
K.. KNOWN N.

SAMPLE METHODS: (WSMCODE)

G. GMAS
8. BAILER
PP. PERJSTAUC PUMP
SI..- SUC11ON L.FT PUMP

. SUBMIBLE PUMP
hi.. MR.UFT SAMPLER
9P. BLADDER PUMP

SAMPLE TYPE SAMPLE ID

LOG TIME/
LOT CONTROL NO.

SAMPLE DEPTH (FT.) /29 l—

,' L-,
INITIAL GROUNDWATER DEPTH (FT)
SAMPUNG PERIOD: START_________________ COMPLETE /44'O
SAMPLING METhOD
(AS CODE

LOGGER CODE________________
DATE SENT_________________

PRESERVATION METH 4 'z' z) i--"i' ,417t3Y /
COMMENTS

/ ,7i'i'
DETECTIONFiNAL PARAMETER MEASUREMENTS: UMif

POTENTIAL OF HYDROGEN pH S.U.
SPECIFiC CONDUCTANCE SC Mmhoslcm /
REDOX POTENTIAL Eh mvoits
TEMPERATURE TEMP C /#.t -
ALKAUNITY(CaCO3I AIX mg/I7k4.4/ 2 )

.39 1f/L

TIME
TOTAL VOLUME
WITHDRAWN(J pH

SC
(MmhesIcm)

rEMP.C) COMMENTS.

(GALS) Bsv Vehjmss

/3j 0.0 0.0 — - - START PUMPING

/3 /' �__ 7q /. , -
/ 3 / Z. 2' / o /t /i/o. 76'L)

/O 5'/ _3O //3 'I -

/ 3. '/

BLU
TP
LAB BLAM(

NORMAL

D— 19
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NSTAU.ATION (0 ________ LOG DATE

LOCATION ID

LOG TiME /32

INITIAL GROUNDWATER DEPTH (F)
SAMPUNG PERIOD: STAR,T
SAMPLING METNQD ''
LAB CODE ___________
PRESERVATION METHOD
COMMENTS__________________

MMPL!3PSMX
0. JPUCTE FE.
R. REPUCAT! TB.
S. SPICE LB.
PC. IG4OWN N.

SAMPLE uErHOot (W5&ICODE)
G- GRAB
B. SAILER

PP. PEMiSTAUC PUMP
SL. - SUCI1ON UFT PUMP

SAMPLE TYPE A! SAMPLE 10

LOT CONTROL NO.

SAMPLE DEPTH (FT.) Z

J -i;-- r.1-4'ki
'i.< ,3

COMPLETE _____________
LOGGER CODE
DATE SENT_______�

DETECTIUI'PARAMETER MEASUREMENTS: UMIT.
POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC gmhos/cm /

POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALICAUNITY (CaCO3) ALK mg/I -:.:

r#t1,'c i(4;G 4i i 3aç - / , . 3c5

.

TOTAL VOLUME
WITHDRAWN pH (jmhosIClfl)

EMP
(C) COMMENTS

(GALS) Sot. VOSum•s
0.0 0.0 — - - START PUMPING

/Jcz / 4. 7 5IIt /'j. 4Je-/6 i2w4'. 4f'9.
/sçç . 2 199 �#,w --f
/3- 3.0 6. f,14 "
/3ç2 b.4' i"7Z 1/t)

• t4 4ñii'it

TP
LB
NORMAL

D—20

SP - SUBU)BLE PUMP
AL. AJR.UFT SAMPLER. BLADDER PUMP
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LAB BLN4C
NORMAL D-21

METhDDMOOD
a- 3RA1
8. BAII.EM

- PtTAUC PUMP

SL. SUCT2ON UFT u'

SP - SUB4EPf PUMP

AL. MN-LiFT SAMPLER
IP- BLADDER PUMP

SAMPLE TYPE

INSTAUJTION ID _______ LOG DATE ___________ LOG TIME

LOCATION ID____________________ LOT CONTROL NO.___
SAMPLE 3D SAMPLE DEPTh (FT.) 1A)

/ — °•
GROUNDWATER DEPTH (FT) L3" £/ b91ri

SAMPUNG PERIOD: STAR] COMPLETE
SAMPUNG METOD LOGGER CODE______________CODE /"" DATE SENT_________________
PRESERVATION METh(' "- ''5
COMMENTS (Ii 'A1b4

PARAMETER MEASUREMENTS:
DETECTIO

POTENTIAL OF HYDROGEN pH S.U. 4/4
SPECIFiC CONDUCTANCE SC jjmhos/cm g7_ /

OX POTENTIAL Eb mvolts
TEMPERATURE TEMP C L2'
ALKALINiTY (CaCO3). ALK mg/I

TOTAL VOLUME
WITHDRAWN PH Iiamhoslcm) COMMENTS

(AL3) Bor• Vo$u.sJ
0.0 0.0 - START PUMPING4 9

) 9z— //
3 5__

• 4Z g;— 'I

'S 5To 4.5 99V (�° '/, S6z'r 'i

MMPLU V BAGOQ
D. DUPLICATE FB.
R. JCATE 11.
S. SPBE LB.
K. POdOWP4 N.



GROUND WATER QUALITY SAMPLING RECORd4

PAGEI OF 2

FD

L&B BL
NORMAL D—22

',-.p ,4r:,.44L'); a'

G- GROB
B- BAILER
PP - PTAUC PUMP
SI. - SUCTION 15T PUMP

SP- SUBW-'M1 PUMP
AL . AIR—IJFT SAMPLER
BP• BL*.DOER PUMP

SAMPLE TYPE

INSTALL&T3ON ID _______ LOG DATE
-

LOG TIME

LOCATiON ID - —- LOT CONTROL NO.

Al SAMPLE 3D

/c2/)

SMPLEDEPTpl(Fr

7i Zb'• '
INITIAL GROUNDWATER DEPTH (PT)
SAMPLING PERIOD: START COMPLETE
SAMPLING METItOD LOGGER CODE ''"'
LAB CODE '4¼"(- DATE SENT "C'
PRESERVATION METHC! -' '4't'1 /-S
COMMENTS -

FINAL PARAMETER MEASUREMENTS: OETECTIO

POTENTIAL OF HYDROGEN pH S.U. 6. - 0
SPECIFiC CONDUCTANCE SC umhos/cm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP 'C
ALKAUNITY (C*C03) ALK mg/I

0.0
71i*G q 14

TIME
TOTAL VOLUME
WITHDRAWN pH (umheslcm)

.

COMMENTS
(GALS) Bets VeIuss/J 0.0 0.0 - - - START PUMPING
Z. /'/ 2/- '/V7Zy
-'. o ''-s "
:-(/ 4b0 //9i' .;, ,L-K/<s-

/3"' 7 //It 1#. '
/,t

7ST?- 6-
/'O 4t2

M Z(2— /'i.'
c/7 ,'i$-i 4./'
6..cz /3

'I
p'/ ,''j 17 i#-/

— bi

SAMPLE! VfPE! (WSAF)
0- DUPLICATE FI-
R. UCATE 7!.
S. SPIKE LB.
X- IG4OWN N.
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POTENTIAL OF HYDROGEN
SPECIFIC CONDUCTANCE
RED OX POTENTIAL
TEMPERATURE
ALKAUNITY (CaCO3)

Phei

tJ-,ilrt) I(,çI

D. DUPLICATE FB.
R. JCATE TB.
S. JE LB.
K. IQIOWN N.

umhos/cm
mvolts

DETECTIC
UMIT62/

/

SAMPLE TYPE ci
INSTALLATION ID ''- LOG DATE ___________ LOG TIME ______
LOCATION ID____________________ LOT CONTROL NO. __________

SAMPLE ID SAMPLE DEPTH (F1.)

INITIAL GROUNDWATER DEPTH (Fr)
SAMPUNG PERIOD: START 74'

74'. z/.2crc -$f4'deprc—
COMPLETE 'p9W

SAMPUNG METN9D
LAB CODE y
PRESERVATION METHOC) " ''"?

LOGGER CODE______________
DATE SENT '-'

.
COMMENTS

FIPUIL PARAMETER MEASUREMENTS:

pH S.U.
SC
Eh
TEMP

L/.c-c

.C
AiX mg/I

(5
.

TiME
TOTAL VOI.LJME
WITHDRAWN PH

SC
(jmhoslem)

EMP
('C3 COMMENTS

(GALS) Bets Ve(vmss'6 0.0 0.0 - - - START PUMPING

o*7t / � g5 //'S t 'rJj j.O 6&F ,','-, c //
if3 9..5 643 //' �6' //
7 73 f 6.0 J //L53 t

'

TP
LAS BLAM(
NORMAL D-23

SAMPLE METN Ot (WSM000E)
3- GRAB

B- BAILER
PP . PrAUC PUMP
SI..- SUCTION LIFT PUMP

AL.
SUBM3BLE PUMP
MUFT SAMPLER

BLADDER PUMP



GROUND WATER OUAUTY SAMPliNG RECORD 64 285

INITIAL GROUPCWATER DEPTH (Ffl 2Z
SAMPUNG PERIOD: ________________
SAMPliNG METhOD A
LAB CODE /r-"
PRESERVATIONMETHCD - -

COMMENTS

PAGEI OFZ

SAMPLE DEPTH (FT) 26 '27

SAMPLES T(P r*BAcCoa
0. DIWUCATE

R. UCATE TB.
S. SPIKE LB.
PC,. IWOWN Ph.

FD
TP eLA
LAB BLANK

NOAL D—24

SP- SJI.di.E PUMP
AL. MA.UFT SAMPt
BP. BLADDER PUMP

INSTALI.ATION ID _______ LOGDATE

LOCATION ID_____________________ LOTCONTROLNO.

SAMPLE TYPE___________ SAMPLE ID

LOG TIME //22

________________ COMPLETE
LOGGER CODE
DATE SENT.....

-'/ c— 44t/L Ai�'

/•7 -S.2o 41I'biJ
..

� /-T0

DETECT1OPARAMETER MEASUREMENTS:
UMIT

POTENTIAL OF HYDROGEN pH S.U. — 0
SPECiFiC COIUCTANCE SC umhos/cm /

POTENTIAL Eh mvolts
TEMPERATURE TEMP 'C
ALKAliNITY (CaCO3) ALK mg/I

3,4:s-< d4A4 0 3z74 9ZJ( - 2C 2 :7Tp- ir - '3 %
TOTAL. VOLUME
WITHDRAWN pH (&Lmao$lcmi

rEMP.(C COMMENTS.

(GALS) Bor• VOkpM•s

0.0 0.0 START PUMPING

///'7 / i e' .-r','
7 ' "

.tt7 t'/ '
'9 flp/ 1/

"? . L' . 2? b*/'

SAMPLE METHOD

G. GRAB
8. MILER
PP - PTAUC PUMP

SL. SUCTION LIFT PUMP
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1YPE M$AcOO
0- DUPLICATE
R. REPLICATE TB.
S. SPIKE LB.
K- 40WP4 N.

FD
TP BLA
L&B BLAMC

NORMAL D—25

. SUBME PUMP

AL- MR-UFT SAMPt. 8LADC PUMP

INSTALLATiON ID $'- LOG DATE

LOCXflON ID /'
SAMPLETYPE "- SAMPLE ID —

-V-76 -2 LOG TIME

LOT CONTROL. NO.

SAMPLE DEPTh (FT.) ?7•

72 kO'
GROUIOWATER DEPTH (FT)

SAMPLING PERIOD: START /4 COMPLETE
SAMPLING METHOD_______________ LOGGER CODE______________

CODE /'4t'it1 : DATE SENT
PRESERVATION METh(' '"-
COMMENTS

PARAMETER MEASUREMENTS:
DETECT1C

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC Mmhoslcm /

POTENTIAL Eh mvolts
TEMPERATURE TEMP C

ALKAUNITY(CaCO3) ALK mg/I
P'/t4-.'fA- .G 'ij ''/ — j I?

TCAL VOLUME
WITHDRAWN pH IMmhosIcm COMMENTS

(GA (.3) Ber. VoIuMss

00 0.0 — — - START PUMPING

5/h' /-tl /i,- - 4,1p7.

2. c' ,9- ,43 6. , 5e,i2 'f
3.o /O .'

i3� .q0 9/ '/

. 7 9j 6tJ.t 'I4 li b8't "
/./ 2? 6e'/- "

''7a r .

/.SZ! —
,#-:.'

6.b5
/4-'1

(
2O

bb',

SAMPLE METHOOt (W53iCOOE)

G- GRA$
B- BAJL
PP - PERJTALJC PUMP

SI. - SUCTION LIFT PUMP



INSTALLATION ID ________ LOG DATE

LOCATION ID L 5 £ LOT CONTROLNO.

INITIAL GROUNDWATER DEPTH (FT)
SAMPLING PERIOD: START
SAMPLING MEIOD
LAB CODE J(i4-14/
PRESERVATION METhOD..
COMMENTS ________

2/ (7-d') r, 30 3o 3 -7c ,s/d''?--/,3 /M'4/
COMPLETE '-r''-

LOGGER CODE /C'4-19'v'

DATE SENT_________________
(p,tLc.2)

SAMPLE METHbDS (WSMCODE)

G- GRAB
B. BALER
PP. PERISTAUC PUMP
S. - SUCTiON UFT PUMP

GROUND WATER QUALITY SAMPUNG RECORD

SAMPLE TYPE Al

64 287
PAGE 1 OF 2

SAMPLE 10

LOG TIME

SAMPLE DEPTH (FT.) 72 c

DETECr1ORNAL PARAMETER MEASUREMENTS: UMIT
POTENTiAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC Mmhoslcm
REDOX POTENTiAL Eh mvolts
TEMPERATURE TEMP C 0. /
ALKALINITY (CaCO3) ALK mg/IPV.'-' 4(;.1iDr ,i( 2/�� 77V-4.. 4i - -'- '4

TIME
TOTAL VOLUME

WITHDRAWN
(GALS3 rqVObuws

pH
SC

(jmhoscm)
TEMP
(C) COMMENTS.

1

I-i 00 0.0 — - - START PUMPING

/i'7 / o �' '/3
-

4o '4 ---z 7Z'i26,)
/['ec . c / ,- . —

//
' 0 Z 3/ 6 O 6 J#r 3 '-' 7Z,.

/g, 9 . 6 'fO %1 '1

//?/, 6:2 3.4Z- — — — '1

—J

t

I
—

SAMPLES fPES (WSACODE)
0- DUPUCATE FB.
R- REPLiCATE TB-
S. SPiKE LB.
K. KNOWN N.

TRIP BLAMC

L&B BLAM(

NORMAL
D—26

AL-
SUBMEBLE PUMPMR SAMPiR
BLADDER PUMP



GROUND WATER OUAUTY SAMPLING RECORD (4 288
PAGEI 0F2

RD BLANK
TP BLANK

LAB BLANK

NORMAL D—27

SAMPLE METhbDt C*SMCOO
G- GPAB
B- BALER
PP - PERISTAUC PUMP
SI. - SUCTION LIFT PUMP

INSTAU.M1ON ID /5'- LOG DATE ' //' / v'-' LOG TIME

LOCATION ID '" /
LOT CONTROL NO. ____

SAMPLE TYPE_________ SAMPLE 10 ___________ SAMPLE DEPTH (FT.) / 92C i

/
INITIAL GROUNDWATER DEPTH (FT) /92-r-
SAMPUNG PERIOD: START /620 COMPLETE //9
SAMPUNG UEIJ'IOD LOGGER CODE_______________
LAB CODE /(",z4' DATE SENT_________________
PRESERVATION METHOD " ,4ip /.4/ 44'i; 1. . (i''/ 2')
COMMENTS

FINAL PARAMETER MEASUREMENTS: DETECTIOI\

POTENTIAL OF HYDROGEN pH S.U. 6 p 0/
SPECIFIC CONDUCTANCE SC Mmhos/cm /i9O /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKAUNITY(CaCO3) ALK mg/I

- #4 / 0?i1 // / , i',-'/ Wi
TIME

TOTAL VOLUME
WITHDRAWL,,

(GALS) $tc-VoIum4
pH

sc
(jimhoslem) COMMENTS

t.cc�
-

0.0 0.0 — - - START PUMPING/9
/O6

.O P','
/ ,''

W
6 Z

/0/0
,i,?/9 5ç

fl?'qq 67'//g
'I

/ o + / 2- ceO /O/) +' ,'- '-
/6f/ . o z- 63o gq -
/b/'V 6.'i _;z3 /9/9 c.c°______________

,.2 4' '/0 /9Z' 3" 'p

/6/b 5/ — y,-e-

SAMPLES TYPEL (WSADE)
D. DUPUCATE FB.
A- RUC.ATE TB.
S. SPIKE t.B-
X. KNOWN N-

SP. SUBUBLE PUMP
AL- AIR-UFT SAMPLER

BLADDER PUMP
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MMPLTYPD
D. JPUCATE FB.
R. UCATE T.
S. SPIKE LB.
K- G4OWN N.

FD *
TP aA
LAB &N(
NOAL. D-28

SP- SUBMBLE PUMP
At. jp4jp SAMPtER
BP- BLADDER PUMP

SAMPLE TYPE_____

INSTAU.ATION ID ________ LOG DATE ____________ LOG TIME
LOCATION ID LOT CONTROL NO.___

SAMPLE ID SAMPLE DEPTH (Fr.) M

INITIAL GROUNDWATER DEPTH (FT)
SAMPUNG PERIOD: STARI //i7Z
SAMPUNG METJ'IOD
LAB CODE __________
PRESERVATION METH '': i4V
COMMENTS _________________________

COMPLETE
LOGGER CODE
DATE SENT

FINAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH S.U.
SPECIFiC CONDUCTANCE SC MmhosIcm
REDOX POTENTIAL Eh myolts
TEMPERATURE TEMP C

ALKAUNITY (CaC03) ILK mg/I
Phno Au"'4 ij- 353 I/L —

DETECIC

-
99q /
— —

•

.

TIME
TOTAL VOLUME
WITHDRAWN pH w,Iao.lcm COMMENTS

I GALS) — Bet• VoIu.s

,'o' 0.0 0.0 — — - START PUMPING

oi '/6i' 7276,as7 i. 1' o9 ?23 �� 11

,'ts ,. c é4' 2- 6$ "

/65 'J �_ 9o, g.-c "IP� � 9 j #� : '.'

// -
/9 / • 979

SAMPLE MESH Dt cwsuco-'
G. GRAB
B- BAILER
PP. PTAUC PUMP
SI- SUCTiON LT PUMP



GROUND WATER QUALITY SAMPLING RECORD
(' 2)O
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LAB BLM(
NORMAL

D—29

BAM MHDtM
0. GWa
B. BAILER
PP - PERI5TAUC PUMP
SL - SUCTION LIFT PUMP

- SUBMuri.F PUMP
AL. MR4JFr SAMPLER
BP. BLADDER PUMP

SAMPLE TYPE

NSTAU.A11ON tO ________ LOG DATE ___________ l.OG TIME

LOCATION ID LOT CONTROL NO.____

_________ SAMPLE 3D SAMPLE DEPTH (Fr.) -' é7—

.1 — 7:') -t12)
INITIAL GROUNDWATER DEPTH (FT) o2"
SAMPLING PERIOD: START________________ COMPLETE J€7Z'7
SAMPLING MET1OO LOGGER CODE______________
LAB CODE DATE SENT________________
PRESERVATION METHC '
COMMENTS

FINAL PARAMETER MEASUREMENTS:
DETECTIC

POTENTiAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC umhosIcm /23?-
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKALINITY (C&C03) ILK mg/IM"
Uttçtt) L1OI TLTeD ALc 5Q

.

TiME
TOTAL VOLUME

WITHDRAWN PH
sc

(umlvoslcm)
r,p COMMENTS

(GALS) $ots Volum.s

n-'iZ 0.0 0.0 START PUMPING

/1/q /. L //V' Zr 3-'e-.W2. - 7#ó.
/O' . s:- . £O ?• : //
1t2/.1 o tZ 'Z?9 53 I'

/22/ J /Z37—

SAMPL TYP fWSADB
0- OLUCATE FI-
R. REPUCATE TB.
S. SPiKE LB.
K- KNOWN N-



GROUND WATER OUAUTY SAMPUNG RECORD

INSTALLATiON ID _______ LOG DATE LOG TIME

LOCATION ID '' "i' '9 LOT CONTROL NO.___

64 291

PAGEi 0F2

— /
INITIAL GROUNDWATER DEPTH (FT) "' ''
SAMPUNG PERIOD: START COMPLETE _____________
SAMPUNG METHOD LOGGER CODE "-'
LAB CODE ___________ DATE SENT _3O7'-
PRESERVATION UETHa'— ' - "4.-- —' '
COMMENTS

.

DETECTIO
L PARAMETER MEASUREMENTS: UMIT
ENTIAL OF HYDROGEN pH S.U.
IFIC CONDUCTANCE SC mhosIcm /

OX POTENTIAL Eh mvolts
PERATURE TEMP C
AUNITY (CaCO3) ALK mg/I,Zt-v. '-
77nz- >t4 - 2 q____ 7r,rz-_. ,9i-i - 2 .

TOTAL VOLUME
E WITHDRAWN pH

SC
(mfl..lcm)

rEMP
(C) CO UMENTS.

(GALS) Bore Voaum.s

,ç 0.0 0.0 — — - START PUMPING

z /. V Z, 3/i, /2-
9-2 6cc1 cL-, ):1';f

-,, —
c/ -9 Q.',) -

, $9$ bC "
. 4Cc1 "

SAMPLE TYPE Al SAMPLE ID

/29

SAMPLE DEPTH (FT.) /c/
/

SAMPLES TYPES (&)OE)
D. OUPUCATE FB.
A.. LJCATE TE.
S. SPIKE LB.
K. PGIOWN N-

TP
LAB BLINK

NORMAL D—30

SAMPLE MH
G- GRAB
B. SAILER
PP - PEMSTAUC PUMP
SL - SUCTION LYT PUMP

gaMf PUMP
AL. MR.UFT SAMPLER. BLADDER PUMP
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SAMP VtPet (WBAcOOB
0. DUPUCITE FB.
R. RSPUCATE 1•1.
S. SPIKE LB.
K. IQOWN N.

o aTP aL84
NORMAL D-31

SAMPLE TYPE______

INSTALLATION ID _______ LOG DATE LOG TiME

LOCATION ID F729 LOT CONTROL NO. ____

SAMPLE ID SAMPLEDEPTH(FT3 2Ic

- ' > 2?47 3 (ab
INITIAL GROUNDWATER DEPTH (FT) 795 '7'
SAMPLING PERIOD: START COMPLETE
SAMPLING METJ'IOD ' LOGGER CODE_______________
LAB CODE 7O'" DATE SENT________________
PRESERVATION METH'— '•. ''-' ''- -' 4''i�
COMMENTS

FiNAL PARAMETER MEASUREMENTS:
DETEC71O

POTENTIAL OF HYDROGEN pH S.U. C. 9 —

SPECIFiC CONDUCTANCE SC gmhoslcm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKALINITY (CaCO3) ALK mg/I

u.O
I1L-. .,i/fr7t7i;€7 ,' z3 375.

.

TIME
TOTAL VOLUME
WITHDRAWN pH (mhc.Igm) COMMENTS

(GALS) Bet. Velum..

//i':: 0.0 0.0 — - - START PUMPING

//2/ 25 6. fl 6�- /&,94
// 2> 7 . //
7/2 - 2. i 12 6% "
,/Z ) C-?3 z9- é7: /,

//Z 4O . /!'5' /9T",. '
/$3 • 9..9 Z2- 7.a°, "

EMHD
0- GRAI
B- BALER
PP. PERiAUC PUMP

- SUCTOP4 LT PUMP

SP.
AL.

SUBMiF PUMPWE
BIAOOER PUMP
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INSTAU.AT1ON ID - "— LOG DATE

LOCATiONID 1 A-'! /?-C- LTcowroNo.

SAMPLE TYPE 4" SAMPLE 10

LOG TIME

SAMPLE DEPTH (Fr.) 3i2.'

P &A
LS BLAM(
NORMAL D—32

MMPLE MErHODtsucon
0- GRAS
B- BALER
PP - PBMISTAUC PUMP
Si.- SUCTION UFT PUMP

SP- SUBMMif PUMP
AL. MR-LiFT SAMPLER. BLADDER PUMP

-
INITIAL GROUNDWATER DEPTH (FT) 6'
SAMPLING PERIOD: START________________ COMPLETE /.,',j7
SAMPLING METHOD LOGGER CODE
LAB CODE Lw-V DATE SENT i7—'2'
PRESERVATION METH4' ' '— - ,O4r ,.
COMMENTS

FINAL PARAMETER MEASUREMENTS: DETECTIC

POTENTIAL OF HYDROGEN pH S.U. — -
SPECIFIC CONDUCTANCE SC Mmhos/cm /
RED OX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKALINITY (CaCO3) ALK mg/I

roi- f /r6nt'/ 41-e 2 2. 7'mt- ,ii-76/ 1-5
TIME

TOTAL VOLUME
WITHDRAWN pH (jamhoslcm) COMMENTS

(GALS) Roe. Velum..

,,1,,", 0.0 0.0 — — — START PUMPINGr'.i /_ 7 '1,4 6?o/ ' 2. S 5? il, "
"i34 3 o 5J 8O o

345 4.0 8 .6 "
'1350 5.0 . &4? '1

j32 Q ( .

IS1 s . 950 (Q&. I,

,# p—

:;jj
£2O"

,'9t1(-4 2C

.

4b,9,2

SAMPLES TVP AD)
0. WUCATE FB.
A. UCATE TB.
S. SPIKE .8.
k. KNOWN N.
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MPLU VfP! SAD
0. OUPUCATE FB.
R. RLJCATE TB.
S. SPIKE LB.
K. IGOWN N.

PaD
TP BLANK

LAS BLANK

NORMAL D—33

//LNSTAUA11ON ID - - "-'-- LOG DATE
LOCATION ID — p272

SAMPLE TYPE 'V K;' SAMPLE ID

LOT CONTROL NO.

LOG TIME ______

SAMPLE DEiTh (FT.)

77. - 3-p2
INITIAL GROUNDWATER DEPTH (FT) 7% i37Z
SAMPLING PERIOD: STARX COMPLETE
SAMPUHG METhOD 45 LOGGER CODE 'frn"'
LAB CODE /c-' DATE SENT________________
PRESERVATION METHC "-; ''' — ,1z L
COMMENTS

RPL PARAMETER MEASUREMENTS: DETECTIC

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC UmhoSICm /
REDOX POTENTIAL Eh mvolt$ —
TEMPERATURE TEMP C
ALKAUNITY (CaCO3) ALK mg/I

7344J4.,q O
rO7fZ /'tTb4 A-ti(. d — g'rIs ':_

TiME
TOTAL VOLUME

WITHDRAWN pH (aamheslcm) COMMENTS
(GALS) Bet, Voawn.s

0.0 0.0 - - - START PUMPING

s-' ,. o 6.1! Om/rn 4:12'. 7'"',/i
cz z.o #iz— /'/ 3. c' 4. 'z- 4z' "
/S' / -/ , .2 ", dl

/�fl' -ç . 6. ',

MPI1 MH SMcDD
G. GPAB

B. MILER
p. PEMTAUC PUMP
SL- SUCTION LIFT PUMP

N..
ap.

SUBM''1F PUMP
NFT MMER
BLADDER PUMP



GROUND WATER QUALITY SAMPLING RECORD

INSTAU.ATION ID ________ LOG o..it 7
LOCATION ID - ' ' LOT CONTROL NO.

(4 295
PAGEI 0F2

SAMPLE TYPE " SAMPLE ID ___________ SAMPLE DEPTH (FT) £2
TI). -4'k 1i

INITIAL GROUNDWATER DEPTH (F!) 7/2 Z- _'ft1 -'"
SAMPLING PERIOD: STAJIT COMPLETE ___________
SAMPLING UET)IOD LOGGER CODE______________
LAB CODE '' DATE SENT
PRESERVATION METW' - - S; t-L - /'iY b-1'i-1 *2óc
COMMENTS

TP B
L8 BLMC
PORMAL D—34

S*JAPLE MEIH & (WSMGOD
G- GRAB
B- &IJLER
Pp . PERTAUC PUMP

- SUCT)ON UFT PUMP

- SUBM"1 PUMP
AL- MR.LJFT SAMPt
BP• BLADDER PUMP

LOG flME

DETECTICPARAMETER MEASUREMENTS: UMF
POTENTIAL OF HYDROGEN pH S.U. -
SPECIFIC CONDUCTANCE SC Mmhas/cm i9 /

POTENTIAL Eb mvolts
TEMPERATURE TEMP •C
ALKAUNITY(CaCO3) ALK mg/I

0.0-;-2 '9-.' 4, 2 7 4L/( 3 5)
TOTAL VOLUME

WITHDRAWN pH
SC

mhoslcm
TEMP
(•C) COMMENTS

.

(GALS) Bore VOhass

0.0 0.0 - - - START PUMPING

/0
'• &j /Z ', 7-gd4' /Z'f i,,q7W

"
.6o 9- ,/

,,. b' 2/'

SAMPLE$ TYP MBAD
0- DIJPUCATE FE-
R. pIJ7
S. SPIKE LB.- IOOWN N.
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BLANK

TP
LAB BLANK

NORMAL D—35

MM
G. GR8
B- BAILER
PP. PER)STAUC PUMP

SI.. SUCT)ON Lfr PUMP

W- MF PUMP
AL- AIR.UFT SAMPLER

BLADDER PUMP

SAMPLE TYPE 4"

INSTAU.AT1ON ID ________ LOG DATE '
LOCATION ID "" -/,9,'9 LOT CONTROL NO.

SAMPLE ID

LOG TIME _____

SAMPLE DEPTH (Fr.) c 9'

, , ', 326Z_ a1b)
INITIAL GROUNDWATER DEPTH (F3) '" ./3i/
SAMPUNG PERIOD: START COMPLETE
SAMPUNG METJ'IOD LOGGER CODE______________
LAB CODE DATE SENT <'/-
PRESERVATION METHa' "< '4j 5

COMMENTS

RWIL PARAMETER MEASUREMENTS: DETECTIO

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC MmhosIcm
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP .0 62/
ALKAUNITY (CaCO3) ALK mg/I

e( Mk.O.0
uc11•.I 1fI -, +erd 3C.

.

TIME
TOTAL VOLUME

WITHDRAWN pH (mhosIcm) COMMENTS
(GALS) Bar. VoIu*•s

gç 0.0 0.0 - - - START PUMPING

'f3 /.6' 4.fr ;; 6'3.o 7 Zr
?i/; 2s y9 35 I�JO'I "

/O P , "�- �o m "7 6'. ( • Lt3 'f

MMPL TYPU (WSAWDE
D. OLWUCATE FB.
R - UCATE TB.
S. SPIKE
K. KNOWN N-
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D—36

GROUND WATER QUALITY SAMPUNG RECORD

INSTAU.AT1ON

LOCATION ID

SAMPLE TYPE;u)

ID LOG DATE LOG TIME

LOT CONTROL NO.____

SAMPLE ID

A 3O - 3qo

SAMPLE DEPTH (FT.) z5

z � re— 7Tmo, -'4''/ .'-&.
TIME

TOTAL VOLUME
WITHDRAWN pH

SC
(mIioslem)

TEMP
(• c

d/I7fd/
COMMENTS

•
GALS) Bor• Volumsi

,5/2' /
/3-It 7. " 9L 4J1c5r'' 'a-. ° . 99- 69b Lr Xi1'tJrC/ .f6Ø7 7s,
/573 3.Q 993 ,,

/ciq co 4. £ ? b93' //

Lc2 —S77
/\C32 - A14



GROUND WATER QUALITY SAMPUNG RECORD 4 298
PAGEi 0F2

SAMPLES Vt P (WSAOE)
0- DUPLICATE FE.
R- RJCATE TB.
S. SPncE LB.
K- IO4OWN N.

SAMPLE MErHOD (WSMCOD
G. GRAB
B- BAILER
PP - PERSTMJC PUMP

D-37 SUCTION i.r PUMP

SAMPLE TYPE Al

1NSTAU.A11ON ID L� 4— LOG DATE ________
LOCATION ID /.> LOT CONTROL NO.

SAMPLE ID

t.OG TIME /S

SAMPLE DEPTH (Ff4 59 6

rGROUNDWATER DEPTH (FT) iI& A2- 5,96'
SAMPLING PERIOD: START ''/6' COMPLETE
SAMPUNG METHOD LOGGER CODE_______________

CODE ATE SENT 6i'f O
PRESERVATION METH 6''
COMMENTS

DETECTIONPARAMETER MEASUREMENTS:
• UMIT

POTENTIAL OF HYDROGEN pH S.U. — 0/
CONDUCTANCE SC Mmhos/cm 9.39

POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKAUNITY (CaCO3) ALK mg/IP'rn-- ,4-74 4' 9 '/i— -44,

• TOTAL VOLUME sc TEMP COMMENTSWITHDRAWN pH mhosIem) (•
(GALS) Bore VeIum.s

/33 0.0 0.0 - - - START PUMPING

/0 -9 9�3 ,'i '- i'
,3c', 97 9Lc - " LSS'é*'TZ9' &D4'.l7
/_3_c 9 77 I7/ef 19b //

P4 93? cw 1/

/c47 sT�

flBLD K
TP
LkB BLMC
NORMAL

AL.
SURM3LE PUMP
MR4JFT SAMPLER
BLADDER PUMP



SURFACE WATER QUALITY SAMPLING RECORD (4 299

INSTALLATION ID ________ LOG DATE 9
LOCATION ID -oc- /
SAMPI.E ViPE N SAMPLE ID ___________

SAMPUNG PERIOD. START
SAMPUNG METHQP
LAB CODE ,,*M_1
PRESERVATiON METHOD ' '—
COMMENTS /?A9 /'&.-'

START /7I COMPLETE —
LOGGER CODE

- - DATE SENT
4' " a—: ,,4vo.., —7,,-ç

DETECTION
urr

_____ 0.0/
______ /

POTENTIAL OF HYDROGEN pH
SPECIFIC CONDUCTANCE
REDOX POTENTIAL
TEMPERATURE
ALKALINITY (CaCO3)

1tdt.-' '9z.v
rg5: 332 f/z_

SAM Pt.E Ti'PES (WSACOOE

0- DUPLICATE FB-
r.

P - REPUCATE TB.
S. SPiKE LB.
K- KNOWN N-

FIELD BLANK

TRIP BLM*(

LAB BLAM(

NORMAL

SAMPLE METHODS (WSMCODE)

G- GRAB

B - BAILER

P. PERISTAIJC PUMP
SL - SUCTION LIFT PUMP

D—38
-

SP- SUBMERSJBLE PUMP
AL - AIR-LIFT SAMPLER

BP. BLADDER PUMP

LOG TIME
LOT CONTROL NO.

SAMPLE DEPTH (FT.) -c

COMPLETE
LOGGER CODE ________
DATE SENT __________

'42i -,i179z-

• PARAMETER MEASUREMENTS:
POTENTIAL OF HYDROGEN
SPECIFIC COPICUCTANCE

REDOX POTENTIAL
TEMPERATURE
ALKAUPITY (CaCO3)(¼.t,•+ 00

•'-;.I-.I itcc,Ii.i , 2'f5

pH S.U.
SC
Eh
TEMP

j4mhos/cm
mvotts
00

ALK mg/I

Fd.4r z''/
INSTALL/liON ID ________ LOG DATE

LOCATION ID 5 -
SAMPLE TYPE___________ SAMPLE ID —

F

- LOG TIME
LOT CONTROL NO.

SAM PUNG PERIOD:

SAMPUNG MET1QD
LAB CODE
PRESERVATION METHOD
COMMENTS -"'

SAMPLE DEPTH (FT.) &i

/'935

5-13 -o

PARAMETER MEASUREMENTS:

S.U.
SC jãmhos/cm
Eh mvoits
TEMP 00
ALK mg/I

DETECTION
UMIT

—

2 /
-- -_____

i1i7-I_- 7-ft.i 4c*' VO '9/L



SURFACE WATER QUALITY SAMPUNG RECORD (4 3OO

INSTALLATION ID (5 "- LOG DATE
LOCATiON ID ____________________
SAMPLE TYPE t4 'V SAMPLE ID —
SAMPUNG PERIOD: STAJT -

SAMPUNG MET9D (
LAB CODE
PRESERVATION METHOD 4'
COMMENTS '3"9 ''1'

DETECTION
UMT

INSTAU.ATION ID ________ LOG DATE
LOCATION ID -13
SAMPLE TYPE___________ SAMPLE ID —

LOG TIME
LOT CONTROL NO.

,<33i)

SAMPLE DEPTH (FT.)

SAMPUNG PERIOD: ST$T
SAM PUNG METJ4OD &
t.AB CODE ____________________
PRESERVATION METHOD
COMMENTS i(/14/_ —'i3Yp.d/1 J),..s4A.r /�

pH
SC

s.U.
Nmhos/cm

mg / I

DETECTION
UMrr

SAMPLE TYPES (WSACOOE)
D - DUPUCATE FB

R - REPUCATE TB -
S. SPIKE

K- KNOWN N-

FiELD BLANK

TPJP BLAP.D(

LAB BLAM(

NORMAL

BAiLER

PERISIAUC PUMP

SUCflON UFT PUMP

SP. SUBMERSBL PUMP

AL. AJR-UFT SAMPLER
BP - BLADDER PUMP

LOT CONTROL NO.
LOG TIME _____

SAMPLE DEPTH (FT.) 3
/9ç COMPLETE —
_________ LOGGER CODE

DATE SENT 9)"-: t/-i4 —M&S

717z
PARAMETER MEASUREMENTS:

POTENTiAL OF HYDROGEN pH S.U. ___________ ________
SPEQFIC CO1ICUCTANc SC ___________ _______
REDOX POTENTIA L Eh ___________ ________
TEMPERATURE TEMP __________ _______
ALKAUMTY (CaCO9 ALK mg/I ________

_______________ " 7f 4(J(-- ,,?V/r

Mmho$/cm
mvolts

OC c2

COMPLETE _____
LOGGER CODE ________
DATE SENT J-12

A47., <

L.id( •1 J &i*7

PARAMETER MEASUREMENTS:

POTENTiAL OF HYDROGEN
SPECIFIC CO1CUCTA NC
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKALINiTY (CaCO3) ALK

'9-0
iflQL 4iq i/i.

/t99c- --; ii

IL7LJ
SAMPLE METhODS (WSMCODE)

G- GRAB
B-
PP -

SI--
D—3 9



SURFACE WATER QUALITY SAMPUNG RECORD

(4 301
INSTAU.ATION iD _________ LOG DATE
LOCATION ID
SAMPLE TYPE ___________ SAMPLE ID —

LOG TIME
LOT CONTROL NO.

SAMPLE DEPTH (FT.) L2 c

SAMPLING PERIOD: START /76' COMPLETE __________
SAMPLING METHOQ LOGGER CODE '-' 'i"
LAB CODE /(W ' DATE SENT _________
PRESERVATION METhOD 'ø" --
COMMENTS ''' '"'' I1IV47 é,t//J4/ 77'

PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPEQFIC COtCUCTA N(
REDOX POTENTIAL
TEMPERATURE
ALKAUMTY (CaCO3)

- Z3'

/Z3t2

LOT CONTROL NO.
LOG TIME _________

SAMPLE DEPTH (FT.)

/74<c

TEMP E RATU RE

ALKALINITY (CaCO3)Th't- t'(' 4,

f''t7I'fd 4 . 2'72 1SJ/L
SAMPLE T'PES (WSACOOE)

D- DUPUCATE
P - REPUCATE

S. SPiKE

K- KNOWN

SAMPLE METhODS (WSMCODE)

(3- GRAB
B- BAILER
PP. PERiSTAUC PUMP
SI. - SUCTION LiFT PUMP

SP - SUBMERSIBLE PUMP
AL - AJR-UFT SAMPLER

BP- BLADDER PUMP

pH
SC

Eh

S.U.
jmhos/cm
mvolts

DETECTION
LIMIT

TEMP °C
ALK mg/I

qj /
2,

INSTALLATiON ID LOG DATE
LOCATION ID _____________________
SAMPLE TYPE 'V SAMPLE ID —

7;4s: / ",4#EA Z7 "/z

SAMPLING PERIOD: STAP,T COMPLETE -
SAMPLING METHOQ LOGGER CODE ,1?42 -1-"
tAB CODE _____________________ DATE SENT ______________________
PRESERVATION METHOD 7. h"Z/tj —
COMMENTS ''" /#Z5' L

PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFIC CONDUCTA NC
REDOX POTENTIAL

pH S.U.
Sc j.jmhas/cm _________
Eh mvolts __________
TEMP °C
ALK mg/I

DETECTION
LIMIT

/

FB- FiELD BLANK
TB - TRIP BLaJE
LB. LAB BLAMC
N - NORMAL

D—4 0



SURFACE WATER QUALITY SAMPLING RECORD 64 302

INSTAU.AT1ON ID ________ LOG DATE
LOCXflON ID _____________________
SAMPLE TYPE N 1 SAMPLE ID

PARAMETER MEASUREMENTS:

POTENTiAL OF HYDROGEN
SPEQFC cOICUCTAN(X
REDOXPOTEP4TIAL
TEMPERATURE
ALKAUMTY (CaCO3)

'fl''t.- '9z-e 0 O /o.0
72;- — 21 3/ rO

INSTALLATiON ID ________ LOG DATE S-i- 2
LOCATION ID -'-' S/
SAMPLE TYPE ___________ SAMPLE ID

PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFIC CONDUCTA NCE
REDOX POTENTiAL
TEMPERATURE

ALKALINITY (CaCO3)c

DETECTION
LIMIT

SAMPLE T(PES (WSACOOE)

- UP1JCATE FB-
R- REPUCATE TB-
5- SPIKE LB-
K- KNOWN N-

SAMPLE METHOO& (WSMCODEI

G. GRAB
B- SAILER

PP. PERISTAUC PUMP
SL. SUCTION LIFT PUMP

c-1--9o
LOT CONTROL NO.

LOG TiME 4'/�
SAMPLE DEPTH (FT.) 9S 3it

SAMPUNG PERIOD: START __________ COMPLETE "'*'
SAMPUNG METHOD LOGGER CODE ____________________
LAB CODE DJTE SENT S -9L7
PRESERVATION METHOD "-' ¼'c3 sZs
COMMENTS 1"9'' 4ij —y;z -

DETECTION

pH S.U. — ________
SC mhos/cm
Eh mvotts
TEMP °C
ALK mg/I ____41P 2

205 /20

UMIT

/

p. /

LOT CONTROL NO.
LOG TIME ______

SAMPLE DEPTh (FT.) O5 £WS

SAMPLING PERIOD: STARJ 083?. COMPLETE ________________________
SAMPLING METh9D LOGGER CODE '"''
LAB CODE ____________________ DATE SENT_____________________
PRESERVATION METHOD ' "- '$ - "72 J ,Z?c/ ,9i%
COMMENTS \A-1cer S

PH S.U.
SC umhos/cm
Eli mvolts
TEMP °C
ALK mg/I

15' / —

— —
(:7./

-

FiELD BLANK

TRIP BLM'D(

LAB BLUE
NORMAL

SP-
AL-
BP

n—Ill

SUBMERS8LE PUMP

AIR-LIFT SAMPLER

BLADDER PUMP
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Survey Data
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HYOROGEOLOGIC ZNIESTIG.4 TION
CAAS*ELL. AIR FORCE BA.SE

FORT WORTH, TEXAS

Teas State Plane Coordinate ano Elevat.ion
or

Test Wells
Soil Gas Prob and

Sanpiing Points

rL2 8, 1988

{) BRITTAJN & (RAWFORD
LAND $UVEVING &

U' TOPOGRAPHIC MAPPING

E—3 (e,7ee-o2I, .M.l,o 4295112
P0. 80* 11374 • 3901 Soush Fr.w.y

FofI Wevth. r.ia, 76110



BOREBOLE AND MONITOR UELL SURVEY DATA

(Monitor wells are distinguished from
boreholes by having a corresponding
elevation of top of P.V.C. value)

EAST ELEVATION
TOP • P.V.C.

566.38
569. 73

559.57
561.45

(;4 30'?

ELEVATION OF N.4ruR.AL

C,ROUt'JD A 4€L.L.

566.9
567.1
560. a

1.4 (131)
18 (132)
IC (134)
10 (137)
IE (135)
IF (136)

34 (121)
38 (118)
K (117)
30 (120)
JE (119)

44 (129)
48 (130)
4C (98)
40 (97)
4E (95)
4F (93)
40 (100)
4H (99)

401,089.90010
401,268.84868
401,032.46237
400,852.84768
401,173.20809
401, 002.55061

398,360.53325
398,345.88397
397,831.27206
398,698.98292
398,358.43081

396,920 .99434
396,940.34767
397,217.02642
397,446.17694
397,651.12948
397,680.42416
397,836. 73039

397,541.4372.5

2,019,695.1430 7

2,020,627.90845

2,025,128.18992
2,025,292.18966
2,025,482.01757
2,025,642. 78693

2,025,407.53205
2,025,607.46326

2,017, 786. 77.397

2,018,291.94176
2,018,292.28878
2,017,477.40425
2,019,005.28691

2,020.042.19064
2.020.463.63663
2,020. 785.31555

2,020,610.98175
2,020,607.56231
2,020.255.75892
2,020,857.61303
2,020,916.84913

628.58
•61 8. 78

570.27
560.25
560.00
563.93
562.25
562.26

625.76
619.90
613.04
615.35
618.54
625.36
620.02
6.13.43

625.5
615.5

566.5
560.49 (ASP)
560.31 (ASP)
560.5
559.4
559.5

633.47
633.84
635.39
621.6
622.87

624.6
618.4
610.9
623.1
617.5
622.8
619.2
610.5

54 (109)
58 (90)
5C (104)
50 (103)
56 (110)
SF (94)
SC (88)
5H (89)

398,061.75689
398,520.35788
398,339.27594
398,362 .32313

397,802.46440
397,904.64236
398,274.57747
398,351.69445

2,019. 781. 72497

2,020,283.72459
2,020,196.97152
2.019,960.19729
2,019, 748.19597

2.020,535.56245
2.020,694.69337
2,020,546.91832

623.18
600.45
608 .68
611.71
626.89
618.95
615.39
610.62

626. 70

624 .46

617.24

608 .22

608.14

635.66
627.55
628.05
627.45
627.48

619.4
597.4
606.8
608.5
623.9
619.4
612.0
608.4

624.2
621.2
615.4
623.33
622.52
621.47

604.8
603.

632.0
62.5 .6
625.5
624.8
624.5
629.22
629.06
269.15
628.66
626.74

JR
ass
ass
ass
ass

.4(45)

8(34)
C(36)
0(38)

R TH
"'I,

402,068.84192
402,390.17981
402,254.07567
402,418.08908

2,024,357. 78905
2,024,331.93158
2,024,56.5. 70484

2,024,487.37097

P1 (111) 397,712.30601
P2 (96) 397.542.85438

62.5.25

10.4

108
ICC
100
WE
IOF

(108)
(92)
(91)
(107)
(106)
(105)

397,913.30549
397,899 .01251

398,197.02603
397,857.53638
397,896.37914
397,946.08160

2,020,009 .97063

2,020,243.06886
2.020,267.33493
2,020,078 .59020
2,020.147.65 721

2,020,196.19956

11.4
118

(101)
(102)

398,941.02097
398,6.53.41765

2.020.086.99390
2,020,136.885 70

124
128
12C
120
126
120
12H
121
123
12K

(124)
(113)
(115)
(112)
(114)
(127)
(126)
(125)
(128)
(116)

397,175.89292
397.333.41742
397,213.82758
397,511.40056
397,324.25035
397,111.16499
397,175.34773
397,231.20475
397,175.26975
397.222.63773

2,019,636.22169
2.019.895.65480
2.019,968.84527
2,019.943.01512
2,020,019.35440
2,019,819.73011
2,019,823.89486
2,019,814.974 73
2,019,858.53625
2,019,904.66442

E—4



BOREHOLE AND MONITOR WELL SURVEY DATA

(Monitor wells are distinguished from

boreholes by having a corresponding I

elevation of top of P.V.C. value)
Page 2
NLJ'R M3RTH LAST ELEVATION OF TOP ELEVATION OF NATURAL

P.V.C. PIPE GROUND AT ftELL

ISA (149) 400,123.22038 2,025.232.61342- 570.24 570.7
15B (148) 399,906.57343 2,025,252.78758 567.12 564.2
15C (144) 399,884.41824 2,025,168.58849 566.89 564.3

171 (75) 400,225.13342 2,023,849.67063 578.19 575.2
173 (56) 400,362.97881 2,023,809.58530 579.79 577.0
17K (72) 400,193.17235 2,024,001.90555 575.34 573.8
17L (61) 400,394.21647 2,023,966.04349 577.27 57&
17P4 (6.5) 400,380.91204 2,024,264.07312 574.28 572.6

l13TE: IELL.5 P1 & P2 - THE ELEVATIONS ShOWN ARE THE TOP OF
THE OPERATOR NUT.

E—5
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HYDROGEOLOGIC INVESTIGATION
CARSWELL AIR FORCE BASE

FORT WORTH, TEXAS

Texas State Plane Coordinate and Elevation
of

Test Wells,
Soil Gas Probes and
Sampling Points

July 10, 1990

BR1TTA! & ORFORD
J LANDSURVEYING &L TOPOGRAPHIC MAPPING

E—6 iBm ns.on . m.uo 4.5m12
P.O. boz fl374 • 390$ South P,..way

Fo1 WOTIA. luw 7911)



SITE LFO5

(4 310

LFO 5—Si
LFO5—S2
I..F05—S3
LFO 5—S4
LFO5—S5
LFOS—S6
LFO5—S7

SURFACE WATER SAMPLES

NORTH MY"

399,327.1085
399,092.2352
398,638.2009
398,564.4359
398, 383.9429
398,458.7264
397,873.1003

2,020,155.2125
2,021,029.0375
2, 020, 666. 7173
2,020,956.6955
2,021,422.4749
2,021,661.6152
2,021,549.6706

621.96
622.69 -

ELEVATION
NATURAL

GROUND AT
WELL/BORE

ELEVATION
OF WATER

590.25
584.73
591.07
591.21
578.89
576.63
589.7

STAFF GAUGE 398,445.2564 2,021,286.7444

ELEVATION OF FLOWLINE OF CREEK AT GUAGE
WATER ELEVATION AT GUAGE
ELEVATION OF 1' MARK ON GUAGE

LFO4—01
LFO4 -02
LFO4—03

WELL
WELL
PUMP

TEST WELL

EAST "X' ELEVATION
TOP OF PVC

2,019,579.1905
2,020,510.5024

ELEVATION
NATURAL

GROUND AT
WELL!BORE

620.5

ELEVATION
TOP OF PVC

NUMBER TYPE NORTH "Y" EAST "X"

LFO5—O1 WELL 399,361.2414 2,018,791.3828
LFOS—02 WELL 399,280.6409 2,019,492.0018
LFO5—03 BORE 399,182.0957 2,019,488.6372
LFO5—04 BORE 399,313.9245 2,019,719.9840
LFO5—05 BORE 399,388.4921 2,019,785.8488
LFO5—06 BORE 399,156.8559 2,020,129.6754
LFO5—07 BORE 399,192.7306 2,020,230.2232
LFO5—08 BORE 399,030.3142 2,020,350.8946
LFO5—09 BORE 398,918.3183 2,020,361.5966
LFO5—10 BORE 398,656.8688 2,019,456.1935
LFO5—11 BORE 398,619.9398 2,020,446.5081
LFO5—].2 BORE 398,699.0930 2,020,606.7127
LFO5—13 BORE 398,406.7661 2,020,738.5442
LFO5—14 WELL 398,467.5329 2,020,910.0778
LFO5—15 BORE 398,082.8055 2,019,457.4908
LFO5—16 BORE 398,229.3914 2,021,041.6970
LFO5—17 BORE 398,317.2267 2,021,241.4299
LFO5—18 WELL 398,169.3001 2,021,280.2972
LFO5—19

NUMBER

WELL 397,850.5705 2,021,663.8519

619.3
620.0
620.6
617.3
616.1
598.3
598.0
606.8
604.9
623.9
597.6
594.4
605.0

602.98 - 603.2
626.5
612.3
606.5

611.84 612.1
606.08 - 606.3

EAST •X"

NUMBER NORTH 'Y

578.2
579.07
579.44

SITE LFO4

LFO4—04
LFO4—0S
LFO4—06
LFO4—07
LFO4—08
LFO4—09
LFO4—10

397.653.5721
397,732 .5422

397,683.4611

397,554.5294
397,347.9116
397,210.6006
396,819.7427
396,935.0825
397,136.0543
397,025.3443

WELL
BORE
BORE
BORE
BORE
BORE
WELL

629.24 - 626.5
623.68 - 621.0

2,020,506.7895 623.25

2,021,365.8226 612.07
2,020,805.4209
2,020,593.2486
2,020,897.2163
2,021,021.9109
2,021,145.6966
2,021,275.0320 626.54

E— 7

609.4
608.8
613.3
630.4
630.0
627.4
626.9



SITE ST14

4 311

SD13—S1
SD13—S2
SD13—S3
S Dl 3— S4

SITE SD13

SURFACE WATER SAMPLES

399,722.7878
399,729.5605
399,747.0566
399,757.2157

2,025,153.1150
2, 025 , 176 . 1395
2,025,235.6200
2,025,270.1565

WATER
ELEVATI ON

551.64
551.14
549.72
548.95

NORTH "Y" EAST 'XM ELEVATION
TOP OF PVC

399,886.0854 2,024,309.3181 575.89-
400,102.4353 2,024,311.8094 575.64
400,672.3650 2,024,116.0939 576.72
400,231.5326 2,024,566.4807 575.74

TYPE

WELL
WELL
WELL
WELL

TYPE

WELL
WELL
WELL
WELL

NUMBER

ST14—01
ST14—02
ST14—03
ST1 4—04

NUMBER

SD13—01
SD13—02
SD13—03
SD13—04

NUMBER

ELEVATI ON
NATURAL
GROUND AT
WELL/BORE

573.2
572.7

574.83 ASP
572.9

ELEVATION
NATURAL

GROUND AT
WELL/ BORE

570.3
570.64 ASP
568.6
566.81 ASP

NORTH "Y"

399,964.3693
400,058.5313
399,934.0917
399,931.9664

EAST X'

2, 024 , 842.2218
2,024,974.4094
2,024 ,919.8140
2,024,992.0174

ELEVATION
TOP OF PVC

573.24
573.39
571.54
569.24

NORTH NY EAST "X"

E—8



APPENDIX F

Aquifer Pump Test Results
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1.0 INTRODUCTION

The IRP Phase I and Phase II investigations have identified the

Flightline Area at Carswell AFB as an on-base site where past waste disposal

practices may have led to contamination of soils and ground water. These

studies have identified a need to understand the hydrogeologic framework

controlling the occurrence of ground water and the factors influencing the

direction and rate of ground-water flow. Therefore, an aquifer pumping and

recovery test was conducted at the Flightline Area during June, 1990 as part

of an on-going IRP Remedial Investigation/Feasibility Study (RI/FS). The

objective of the aquifer tests was to determine the hydraulic characteristics

of the shallow ground-water bearing zone (Upper Zone Aquifer). The following

sections describe the geologic setting of the Flightline Area, aquifer test

procedures, and test results.

1.1 Principles of Aquifer Pumping Tests

The value of an aquifer as a source of ground water depends upon

water quality and the capacity of the aquifer to store and transmit water.

The latter two characteristics are referred to as the properties of storage

and transmissivity. The transmissivity is a function of an aquifer's

hydraulic conductivity. The hydraulic conductivity is defined as the flow of

water in cubic feet per day through a cross-sectional area of one square foot

under a hydraulic gradient of one foot per foot (Davis and DeWeist, 1966).

Hydraulic conductivity has the dimensions of length/time, or velocity, and is

expressed in the units of feet per day.

Transmissivity is a measure of the volume of water which will flow

each day through a one foot wide vertical strip of aquifer which extends the

fall saturated height of the aquifer. The transmissivity is equal to the

product of the hydraulic conductivity and the saturated thickness of the

aquifer, and indicates the capacity of the aquifer as a whole to transmit

water (Theis, 1935).
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The storage coefficient is a dimensionless term defined as the

volume of water the aquifer releases from or takes into storage per unit

surface area of the aquifer per unit change in the component of head normal to

that surface (Walton, 1962). The storage coefficients of unconfined aquifers

(e.g., water table aquifers), such as the Upper Zone Aquifer in the Flightline

Area, usually range from 0.05 to 0.30 (Ferris, et al., 1962). Unconfined

aquifers usually have higher values for storage coefficients than confined

aquifers, and these higher values reflect that releases from storage represent

mostly pore dewatering, whereas in confined aquifers, releases from storage

represent the effects of water expansion and aquifer compaction due to changes

in fluid pressure (Freeze and Cherry, 1979). The storage term for unconfined

aquifers is also known as the specific yield.

Storage and transmissivity are commonly determined by conducting

aquifer tests in wells completed in water-bearing units. Aquifer testing may

include constant discharge pump tests, variable rate (step) discharge tests,

constant drawclown tests, water level recovery tests, and slug tests.

At the Flightline Area, a constant discharge pump test and water-

level recovery tests were conducted to determine the hydraulic properties of

the geologic units which contain contaminated ground water. In a constant

discharge pump test, a well is pumped at a constant rate and water levels are

measured for the duration of the test in the pumping well and in the obser-

vation wells which penetrate the water-bearing unit. During the recovery

test, the change in the water levels in the wells are recorded after cessation

of pumping until near static water levels are attained. Graphs of drawdown

and recovery versus time after pumping started and stopped are compared to

graphs calculated from mathematical aquifer models to estimate the aquifer

parameters.
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2.0 GEOLOGIC SETTING

The geologic setting of the Flightline Area at Carswell AFB' is

described in detail in the main body of this report. Specifically, Section

3.3 provides information about the geologic setting, topography, and strati-

graphy. Section 3.4 contains a detailed description of the hydrogeology for

the Flightline Area. The reader is referred to these sections prior to

proceeding with the remainder of this appendix.

The following paragraphs are provided to supply additional infor-

mation about the subsurface conditions in the area immediately affected by the

aquifer tests.

Soil boring data collected during well installation in the vicinity

of the aquifer test location has revealed a coarsening downward sequence of

lithologies from land surface to bedrock, which is comprised of the Goodland

and Walnut Formations.

The deposits from the surface to bedrock (referred to as "Upper

Zone" deposits) are generally 30 to 40 feet thick and consist of 10 to 15 feet

of fine grained materials (clay and silt) underlain by 20 to 30 feet of sands

and gravels. The thickest sequence of coarser grained materials (sands and

gravels) is generally oriented in an east to west trend through the Flightline

Area, roughly paralleling White Settlement Road. These deposits are uncon-

solidated and coarsen downward to predominantly limestone and chert gravels at

the contact with the underlying bedrock.

Bedrock of the Goodland and Walnut Formations consists of inter-

bedded, fossiliferous, hard limestone and calcareous shale. The thickness of

the Goodland and Walnut Formations in the vicinity of the pumping test

location is approximately 30-40 feet. The Goodland and Walnut Formations have

been dry when sampled during drilling activities in the area, and with the

thickness and hardness of the formations they are believed to form an effec-

tive confining layer between the Upper Zone water-bearing deposits and the

underlying water-bearing sands of the Paluxy Formation.
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The water-bearing zone (Upper Zone Aquifer) immediately adjacent to

the pumping well (LFO4-03) is an unconfined, or water-table, aquifer. The

water table as encountered in the subsurface is under atmospheric pressure,

and wells completed in the aquifer will reflect the actual water level. This

is in opposition to confined aquifers where wells tapping the aquifer may have

water levels considerably above the top of the aquifer.

Water levels from wells LFO4-02 and LFO4-03 were electronically

monitored during the pump test and recovery test. The lithologic logs of

these wells and well construction data are located in Attachment A.

Well LFO4-03, the pumping well, is screened across the lower 14.3

feet of Upper Zone sediments. These sediments are mainly medium grained sand

with minor gravels in the upper 10 feet of screened interval, and the lower

section of the screen is across predominantly small pebble size gravels (< 10%

sand).

Well LFO4-02, 50 feet north of the pumping well and the nearest

observation well, is screened across similar units as LFO4-03. This well also

has 14.3 of screen. Again, the screened interval encompasses medium sands,

however, the gravel content is not as high near the bottom of the screened

interval (approximately 5% gravels) as in LFO4-03.

The water table, prior to the start of the aquifer test, occurred

approximately 25 feet below land surface in the vicinity of the pump test

location. The saturated thickness of the Upper Zone Aquifer was calculated to

be 11.7 at the pump well (LFO4-03).

In addition to the pump well and near observation well, seven other

monitor wells in the vicinity of the pump test location were used as obser-

vation wells. These wells are all screened across Upper Zone Aquifer sedi-

ments, and vary in distances of 100 to 450 from the pump well (Figure 2-1).
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3.0 FIELD INVESTIGATION

3.1 Pumping Test Procedures

The Flightline Area aquifer pump test was conducted June 21-22,

1990 and ran for 20 hours. The recovery test, which started with the ces-

sation of the pump test, ran for 7 2/3 hours.

3.1.1 Discharge Water

Discharge water produced during the pump test was run through over

300 feet of polyethylene pipe before being routed into the City of Fort Worth

sewer system. Pumping rates were measured approximately every hour using a

bucket and stopwatch (volumetrically). The temperature, pH, and conductivity

of the discharge water was also measured regularly. The discharge of the pump

remained constant through the test, with measured discharges (17) varying from

17.9 to 18.7 gallons-per-minute (gpm). The averaged discharge was 18.3 gpm,

leading to an approximate total discharge of 22,000 gallons during the pump

test.

At the request of the City of Fort Worth Water Department, the

discharge water was aerated for removal of volatile organic compounds (VOCs).

Aeration of the pump test discharge water, prior to sanitary sewer

discharge, was accomplished with a trailer mounted 125 cfm air compressor.

Air from the compressor was routed to a small holding pond which was receiving

water from the pumping well. A hole in the top of the holding pond (swimming

pool) allowed for discharge of the aerated water to the sewer system.

Periodically during the pump test, water samples going into the

holding pond (pre-aeration) and exiting the pond (post-aeration) were col-

lected. These samples were collected in 40 ml VOA vials, filling each

approximately 2/3s with water. These water samples were then allowed to sit

in the open sun for several hours prior to a headspace analysis for volatile
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organic content. The time spent in the sun allowed volatile organics in the

ground-water samples to volatilize to the overlying air column. The volatile

organic content of the air (headspace) was then measured with an HNu photo-

ionization detector (PID). This was accomplished by cutting a small slit in

the Teflon septum in the cap of the vial and quickly inserting the probe of

the HNu PID. Table 3-1 summarizes the results of the headspace analyses

performed on the discharge water samples from the Flightline Area pump test.

As seen from the table, the aeration of the pump test water prior

to discharging to the city sewer system reduced the volatile organic content

of the water in every sample analyzed. The average reduction, considering all

the analyses, was slightly over 40 percent. The HNu PID is not compound

specific, instead measuring the total volatile organic content in the air.

The instrument was responding very well, and duplicate (D) analyses performed

on the samples from 1630 showed only a three percent relative difference.

3.1.2 Test Types and Measurements

Background water-level data in the pumping well and the near

observation well were collected electronically (at 10-minute intervals) for

approximately 40 hours with a Hermit electronic data logger prior to the step

test. The background data are useful for observing natural trends in the

Upper Zone Aquifer water level, such as increases from recharge or decreases

due to evapotranspiration. A slight downward trend in water levels, followed

by a slight recovery, was observed in wells LFO4-02 and LFO4-03. The back-

ground water level data for the two wells, as well as hydrographs showing the

natural water level trends, are included in Attachment B.

A step test was performed prior to the start of the pumping test to

establish the optimum pumping rate. The optimum pumping rate for the Flight-

line Area pumping test set-up was determined to be the full capacity of the

submersible pump (Could 1/2 HP, Model 10 EJ), or approximately 20 gallons per

minute. The pump was rated at approximately 25 gpm (with the amount of
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TABLE 3-1. HEADSPACE ANALYSIS

Time Sample
Taken

HNu Value (ppm)
Time Sample
Analyzed

Background
HNu Reading

Water Going
Into Pool

Water Going
Into Sewer

0945 20+ 2-3 1515 0.1

1030 4.5 3.8 1525 0.0

1130 4.6 3.3 1530 0.0

1315 9.4 2.2 1535 0.0

1430 11.6 7.9 1910 0.0

1530 10.3 6.0 1912 0.0

1630 10.4 7.3 1915 0.0

1630 (D) 10.3 7.5 1918 0.0

1915 12.0 6.8 2120 0.0

(D) - Denotes duplicate sample
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hydraulic head encountered in the pumping well); however, travel of discharge

water through over 300 feet of polyethylene pipe before ultimate discharge to

the sewer system reduced discharge rates proportionately.

The pump test followed the end of the step test by about 16 hours,

and measured water levels had recovered to over 99 percent of their pre-step

test level. The 4-inch submersible pump (used in pump and step test) was

powered by a 3500 watt portable generator.

During both the pumping and recovery tests, water levels in the

pumping well (LFO4-03) and the near observation well (LFO4-02) were recorded

using pressure transducers and an automatic data logger (Hermit Model l000B).

The Hermit collected water-level data for the two wells, for both the pump and

recovery test, is included in Attachment C. Water levels were also manually

measured in surrounding monitor wells with a calibrated Olympic electric

water-level probe. The water-level probe was decontaminated prior to each

water-level measurement. The water levels in the pumping well and near

observation well were also checked regularly with the Olympic meter to verify

the accuracy of the Hermit data logger. The manual water-level measurements

are provided in Attachment D. The maximum water-level decline observed in the

manually measured observation wells was 0.09 feet (LFO4-4E). Hydrographs of

the water levels in the observation wells during the pump test are also

provided in Attachment D.

As seen from the hydrographs, there appears to be a slight water-

level rise around 700 minutes into the pump test. The timing of the water-

level rise corresponds with a decrease in barometric pressure. Figure 3-1

shows the barometric pressure plotted with the water levels measured in well

LFO4-4H. This pressure phenomenon appears to have had a slight effect on the

water level of the Upper Zone Aquifer, but the barometric pressure goes back

up to roughly the same value as when pumping started by the end of the pump

test. The overall trend of water levels does not appear to have been affected

significantly by the pressure fluctuations. Unconfined aquifers are naturally

less affected by barometric pressure fluctuations than confined aquifers.
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4.0 TEST RESULTS

4.1 Analytical Methods and Assumptions

The data obtained during the June 1990 Upper Zone aquifer pumping

test were analyzed by several methods. In addition to field plotting of

drawdown and distance drawdown measurements, a computer aquifer analysis

program was used. The well hydraulics interpretation program used was WHIP,

which has the ability to simulate and analyze both drawdown and recovery

tests.

Attempts were initially made to interpret the pump test data using

the techniques of Boulton (1963) and Neuman (1975) for unconfined aquifers.

These techniques consider the effects of gravity drainage in an unconfined

aquifer, which result in a delayed yield of ground water to the well and a

corresponding fluctuation in the time-drawdown data curve. As can be seen

from Figure 4-1, delayed yield was not pronounced (if evident) in the loglog

plot of the near observation well drawdown. Attempts at matching respective

portions of the drawdown curve with various Type A and Type B curves met with

no success. Therefore, in the analysis of unconfined aquifer data showing no

apparent delayed yield, the techniques of Theis and Cooper-Jacob were applied

to the data.

The Theis and Cooper-Jacob analyses were used as both field methods

and in later data analysis for estimating aquifer parameters. Time versus

drawdown for observation wells were plotted on semi-log paper. From this

plot, the change in drawdown over a particular log cycle was used in the

calculation of aquifer transmissivity and storativity, using the equations:

2.3Q 2.25TtT— ___ and S— ____
4thh V2

where: T — transmissivity
Q — pumping rate

— the drawdown for one log cycle
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S — storativity
t0 — time intercept where the drawdown line intercepts the zero

drawdown axis

v — radial distance from the pumping well to observation well

The WHIP diagnostic procedures also use semilog drawdown (Cooper-

Jacob) analyses and Theis recovery analyses to obtain preliminary estimates of

the transmissivity and storage coefficient. Theis curves are generated using

these values and are graphically compared to the observed data. Portions of

the generated curves can be "windowed" so only reliable data are used for the

generation of final transmissivity and storage coefficient values.

In addition to standard semilog and loglog plots, the effects of

various time transformations on the data as well as first and second deriv-

atives of the drawdowns were performed. Observing the derivative drawdown

plots was useful for determining that portion of the test data displaying

Theis behavior. Additionally, the Dupuit correction for water table con-

ditions was applied to all computer analyses and the initial estimates of

transmissivities and storage coefficients were optimized using an ordinary

least squares fitting criterion. This correction minimizes irregularities

inherent in field generated data to improve computer aided curve matching

techniques and allow greater accuracy in the calculation of aquifer par-

ameters.

Three different computer generated plots and analyses were deter-

mined to best represent the Upper Zone aquifer hydraulic properties of

transmissivity and storage coefficient. These were the observation well

(LFO4-02) drawdown and recovery analyses and the pumping well (LFO4-03)

recovery analysis.

Seven additional monitor wells were measured for response to the

pumping well and there was little if any noted.
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4.2 Water Level Behavior in Pumping Well and Near Observation Well

The observed maximum drawdown was 3.58 feet in the pumping well and

0.20 feet in the near observation well, located 50 feet north of the pumping

well.

4.3 Results

The results of the computer-assisted pump test analyses are pre-

sented in Table 4-1. The drawdown and recovery curves for the observation

well were analyzed as well as the recovery curve for the pumping well. The

average values for the parameters of transmissivity and hydraulic conductivity

and a value for storage coefficient are shown on the table. The averaged

values are representative of the types of aquifer materials encountered (clean

sands and gravels). The WHIP generated plots for the analyses are provided

in Attachment E.
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ATTACHMENT A

Lithologic Logs and Well Completion Forms
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I DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSVELL AFB, TX I SHEET 1 OF 2 SHEETS 1

1. PROJECT: CARSUELL AFB,

IRP PHASE 11 STAGE 2

7. TOTAL DEPTH OF HOLE: 37.7 ft BGL I

8. DATIJ4 FOR ELEVATION SH sea level J
I 2. LOCATION: Ftlghttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill. B-61 1

I 3. DRILLING AGENCY: Envirormental. Drillers, Inc. I 10. NO. OF SAMPLES TAKEN: 14 J
I 4. HOLE NO.: LPO4-02 I 11. ELEVATION GROUND WATER: 597.45 ft MSL (6/18/90) I

I 5. NAME OF GEOLOGIST: S. E. Fain 1 12. DATE HOLE ESTABLISHED: 3/26/90 I

6. COORDINATES OF HOLE:

I X: 2020510.50 Y: 397732.54

1 13. SURFACE ELEVATION: 621.00 ft MSL I
I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: 623.68 ft 1451 1

Blow
Visual Dascrintion

Soil
IC lass/Code

U/CLLR0

2

4

6

U/CLLR

-L

U/CLLR

U/CLLR C Lay:

Isand,

ICLay:

II

.1.

8

11

13

13.5

U/CLLR

U/SDGR

U/SDLR

U/SDLR

U/SD I R

ICtay: Dark brown, silty, firm, roots, , IFuLL sasc)Lers

Icarbonaceous staining. luntes noted.

IClay: As above; at 3.0 ft. going to orange/brown, silty I
Iclay with 5 - 10% calcareous material. I I

I I I

I I I
IClay: As above. 11.5 ft. Recovery

Orange/brown, very silty, minor very fine grained
I I

I

stiff, calcareous nodules, carboaceous streaking.
I

I

I

I

I
As above, increasing calcareous material to 30%. I

I

I

I

I

I

I

I

Sand and Gravel: Orange, very poorly sorted, cohesive, I
IcLayey, silty, dan, abundant calcareous material. I I
I I I

I I I
ISand: Orange, fine grimed, minor Larger sizes to I
Icoarse, shghtLy claysy and silty, dasp. I I

ISand: As above, increasing coarseness with depth, 5 - I
110% smell gravels. I I
I I I

I I I

I I I

Sand: As above, gravelLy; changing to tan, fine to J I

Imediun grimed, loose, quartzose at 18.0 ft., danp. I I

I I I

I I I

ISand: As above, well sorted, medit.as grained, daip; 0.4 13-5 ft. Recovery

Itt gravelly zone at 21.5 . 21.9 ft. I

16.5

18.5 U/SDLR
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DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX I SHEET 2 OF 2 SHEETS

1. PROJECT: CARSUELL AFB, I 7. TOTAL DEPTH OF HOLE: 37.7 ft BGL

I IRP PHASE II STAGE 2 J 8. DATUR FOR ELEVATION SH.JW: sea level

I 2. LOCATION: Ftfghttine Area J 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL B-61 J

I 3. DRILLING AGENCY: Envirorinentet Drillers. Inc. J 10. NO. OF SAMPLES TAKEN: 14

I 4. HOLE NO.: LFO4-02 p11. ELEVATION GRWND WATER: 597.45 ft MSL (6/18190) 1

I 5. NAME OF GEOLOGIST: S. E. Fain J 12. DATE HOLE ESTABLISHED: 3/28/90 1
6. COORDINATES OF HOLE: 3 13. SURFACE ELEVATION: 621.00 ft MSL

I X: 2020510.50 Y: 397732.54 I 14. BACKGRC*JND:

I I 15. MEASURING POINT ELEVATION: 623.68 ft MSL

IDePthI Graphic BLow Soil.
I I

I(Ft.)I Log Cotrt Idtass/Code IVisuat Description I Remarks 1

ö:ö:c;::j. I

r i
I

i
I

I I I I

I I I I I

I

I

23.5 . .. ..).)).
:P:P:

I

I

I

U/SDLR ISand: Orange/tan, medi.. grained, welt sorted,
slArouxi, 9O% quartz; 0.3 ft. gravelly zone at 27 ft.,

saturated at 28 ft.

I

14.0 ft. Recovery

j
I

i

I

i
I occ

.o:o.
i
i

i i
i

i
i

dc5 I I I

I

I

I

i

I

28.5

.b.b•--
9P.c
HO..Q.

I

I
I
I
I
(
I

U/SDLR

I

I

I

ISand: As above, 1-3% granuLe size gravel.

I

I

I

I

I

I

M. 1. measured at
128.1 ft. BLS, 5.0

Ift. Recovery

I

I

I

I

J

I
I

I

I

•00
cci.c

I

I

I

I I I

I T.•i'—.5.•c:i• I I I I

I

I .Q.Q.
I

I

I

I

I

I

J

I

33.5 . ..• .

!P.P.Q..ç
I

I

I

UISLR Sand: Tan, medius grimed, qu.rtzose, loose, wet, 5%
gravels to am.

I

J3.7 ft. Recovery.

I I

I O.O.C I

I I.5.c5• I

I

I

---
tI

I
U/MARL

I

ILimestone: Marty, weathered sand and gravel intermixed,
I

IT.D. = 37.7 ft.
I

I

I I fissite. I I

I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I

I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I
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I DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARS'JELL AFB. TX I SHEET 1 OF 2 SHEETS

1. PROJECT: CARSWELL AFB,
I IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 37.6 ft 801 I

8. DATIM FOR ELEVATION SHOWN: sea LeveL I

2. LOCATION: Ft$ghttine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLL 8-61 I

3. DRILLING AGENCY: Enviromentat DriLlers. Inc. 10. NO. OF SAMPLES TAKEN: 14

4. HOLE NO.: 1F04-03 11. ELEVATION GROUND WATER: 597.58 ft MSL (6/18/90) 1

5. NAME OF GEOLOGIST: S. B. Btotrt, S. E. Fern 12. DATE HOLE ESTABLISHED: 3120/90

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION 620.50 ft MSL

I X: 2020506.79 Y: 397683.46 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: 623.25 ft MSL I

Blow SoiLDepthl Graphic

lift
0

2

I I I
Ivisual Descriotion I Remarks I

16

18

110

12.1

14.5

I
19.5

U/CLAY

U/CLAY

IClay: Brois, soft to firm, semi-plastic, with fine

roottets and minor carbonaceous streaking and

Ipartictes, moist to wet.

I

CLay: As above, firm to stiff (stiffens to base), minor

catcareous debris, more abiixlant carbonaceous staining,
Ivery stiff; 3.8 - 4.0 ft.

IFuIL recovery

Itnl.ss otherwise
lindicated.

I

1100 stiff to cut.

I

I

I

I

I

U/CLLR

U/CLLR

jCLay: Orange/brown at 4.1 ft; brittLe, deep, ab.rdant

Icatcareous debris, slickensided, calichified with some

lauthigenic mineralization (crystals of CaCO3 in shell

Ifraga.); very hard, silty.

ICtay: As above, very stiff, slightLy sandy end silty.
I

I

IHard pushing.

I

I

I

U/CLLR

U/CuR

CLay: As above, few large CaCO3 pebbles (25 eva),
increasing clacareous m.teriaL with depth, very fine

grained sand.

I

ICtay: Orange/brown, silty, cohesive, clasp, > 30%

Icatcareous material, stiff.

I

I

Ii ft. recovery,

1ST. RIg broken.

IContinue after

lrirs.
)Catiche layer at
112 ft., drilLing

Ithroh.

I

U/SDFN Sand: Orange, fine grained, Loose, d, quartzose,
Iwe&l sorted; at 14.3 ft. sharp change to tan, very fine

grimed sand, heavily oxidized in Lemma..

I

Sand: Orange, fine to meditm grimed, artzose, clasp,
Iloose; gravelly seem 15 15.5 ft.

I

I

I ft. Recovery.

1

JSand: Orange/ten, fine to mediun grained, clasp, Loose,
> 90% puartz, 1 . 3% smaLL gravel and shells.

14 ft. Recovery.

U/SAND

U/SDLR
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o.o.c

a.c.c
.o.a.
O•OC

24.5 b•cc
00'

o•o•c

o.o.c00
o.o.c
.p..o.
.o.o..c

29.5

o.o.c
.o.o.
o.o.c

32 001
'OO
Galoc•5 00'0000'0000'

1W. 1. measured at

126.3 ft. BLs. 2.6

Ift. recovery.

13.2 ft. Recovery.

Saspler refusal at

I37. ft., drove 1

11/2 in. S_S. 50

blows I in.; T.D.
= 37.6 ft.

DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSUELL AFB. TX I SHEET 2 OF 2 SHEETS

1. PROJECT: CARSUELL AFB,

I TRP PHASE II STAGE 2

1 7. TOTAL DEPTH OF HOLE: 37.6 ft BGL I

8. DATLJ4 FOR ELEVATION SHC4N: sea Level

2. LOCATION: Ftighttine Area 1 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61

3. DRILLING AGENCY: Envirorwnental Drillers. Inc. 1 10. NO. OF SAMPLES TAKEN: 14 1

I 4. HOLE NO.: 1F04-03 I 11. ELEVATION GRWND WATER: 597.58 ft MSL (6/18/90) I
5. NAME OF GEOLOGIST: S. B. Blou,t. S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/20/90

6. COORDINATES OF HOLE:

X: 2020506.79 Y: 397683.46

I 13. SURFACE ELEVATION: 620.50 ft MSL

I 14. BACKORIXIND:

I 15. MEASURING POINT ELEVATION: 623.25 ft MSL

I
'

Depth I
I(L.)

Graphic

- Lo
Blow Soil

I

Cou,t ICless/Code IvisusI Description I Remarks

U/ SD LR Sand: Orange/tan, fine to medius greined, wet, loose,

0.5 ft. gravelly zone at 27 ft., quartzose; at 30 ft.

I I

U/SOLR Sand: As above, saturated.

I I

I U/GRVL IGrevet: Varicolored, ip to pebble size (30 mi), shells,

I clO% sand, saturated.

I

U/GRVL Icrevel: As above, mainly small pebbLe size (5 - 10 imO,

Ishells, stEangular to siA,rotrded, Large percentage of

I Ichert.

U/MARL Marl: Chalky gray, inc*jr.ted, oxidation stained
J throughout.

I I I

I I I

I I I

I I I

I I I

I I I

F—26



(4 338

I WELL COMPLETION LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB I

1. PROJECT: IRP PHASE II STAGE 2, CARSUELL AFB I 9. INSTALLATION DATE: 3/28/90 I

I 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN I

I 2. LOCATION: Site LFO4 I 11. ZONE OF COMPLETION: Aquifer I

I 3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 20.90 ft 1

I 4. WELL NO.: LFO4-02 I 13. MEAS. POINT ELEV.: 623.68 ft MSL I

I 5. WELL OWNER: U.S. AIR FORCE I 14. CASING DIAMETER: 2.00 in I

I 6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: ScheduLe 40 PVC

7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 23.10 ft I

I 8. LOCATION TYPE: WL I 17. SCREEN SLOT SIZE: 0.02 in I

j 18. REMARKS: 1-1O'x2xO.02' Screen,3-1O'x2" Risers,1-Cut piece (—O.4'),l-Lockiflg Cap, 1-bottom Cap I

_________ TOP OF CASING

I I

GROUND SURFACE I I

t I I I I t
I I I

I BACKFILL MATERIAL:
I I I I I

I Cement-Bentonite Grout I I I

I I I I I I

I I \I I I / BOREHOLE DIAMETER:

I 'I I I I' 8.000 in

I BOREHOLE I I I I

I DEPTH: I I I I I

37.7Oft I I I

I I I I I I SEAL MATERIAL:
I

I I I I I Bentonite I

I _______ I I I I

I I t I I I I I
I SEAL LENGTH:

I I I I
I

2.00 ft
I I I CASING DEPTH:

I I I I I I I 37.65ft
I _______ I I I I

I I t I I I I I

I I I I I I I I

I I I I I ___ I I ________ I

I I I I I_I I t I

I I I I I ___ I I I I

I I I I I_I I I I

I I I I ___ I I I I

I I I I I — I I SCREEN LENGTH:
I

I I I I _____ I I 14.35ft
I

I I FILTER PACK — I I I

I I LENGTH: I_______ I I I I

I 16.8Oft I I_I I I

I I I ___ I I ________ I

I I I I I t I

I I I I I I I I I

I I I I I I BLANK LENGTH: I

I I I I I I I O.ZOft
I

I I I I I I I I I

I I I I I I I _____________
I I I I I
I ______________ I I

I FILTER PACK MATERIAL: 8-20 Silica Sand
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I WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARS'IJELL AFB

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB I 9. INSTALLATION DATE: 4/3/90 !

10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN I

J
2. LOCATION: Site LFO4 I 11. ZONE OF COMPLETION: Aiifer I

I 3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 19.40 ft I
4. WELL NO.: LFO4-O3 13. HEAS. POINT ELEV.: 623.25 ft MSL j

I 5. WElL OWNER U.S. AIR FORCE I 14. CASING DIAMETER: 6.00 i I
I 6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: ScheduLe 80 PVC I

I 7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 22.40 ft I
I 8. LOCATION TYPE: WL I 17. SCREEN SLOT SIZE: 0.02 in I

18. REMARKS: lxlOtx6M PVC 0.020 screen, 1x5'x6" screen, ZxlO'x6M PVC riser, 1x5'x6" riser.
I

TOP OF CASING

I t

_____ BOREHOLE DIAMETER:

I' 14.500 in

SEAL MATERIAL:
I

I
Bentonite

I

CASING DEPTH:

37.42 ft

I

BOREHOLE

DEPTH:

37.52 ft

+

GRJND SURFACE

BACKFILL MATERIAL:

Cement-Bentoni te Grout

I

SEAL LENGTH:

2.30 ft

I

FILTER PACK

LENGTH:

18.12 ft

+

I I I

I I

I I

I I

I I

'I I

'I I I

I I I

I I

I I

I I I

I I

I I I I

I I I

I I I I

I I I

I I I I

I 1 I

I I I I

I I I

I I ___I I

I I — I I

I I ___ I I

I I — I

I I ___ I I

I I — I

I ___ I I

I I — I I

I I ___ I I

I I — I I

I I ___ I I

I I I

I I I I

I I I I

I I I

I I

I I I I +

t

SCREEN LENGTH:

14.26 ft

I

BLANK LENGTH:

0.76 ft

+

FILTER PACK MATERIAL: 8-20 SiLica Sand
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Background Water-Level Data and Hydrographs

F—2 9

340



[This page iritention.ally left blank.)

F—3 0

€4 341



acKground water level data - Pumping well

Time Time Time Time (4 342
minutes minutes minutes minutes

0 0 600 -0.05 1200 -0.06 1800 -0.08
10 -0.01 610 -0.05 1210 -0.07 1810 -0.08
20 -0.01 620 -0.05 1220 -0.07 1820 -0.08
30 -0.02 630 -0.05 1230 -0.07 1830 -0.08
40 -0.02 640 -0.05 1240 -0.06 1840 -0.07
50 -0.02 650 -0.05 1250 -0.06 1850 -0.08
60 -0.03 660 -0.05 1260 -0.06 1860 -0.08
70 -0.03 670 -0.05 1270 -0.07 1870 -0.08
80 -0.03 680 -0.04 1280 -0.07 1880 -0.08
90 -0.03 690 -0.04 1290 -0.07 1890 -0.08

100 -0.03 700 -0.03 1300 -0.06 1900 -0.08
110 -0.03 710 -0.03 1310 -0.08 1910 -0.08
120 -0.03 720 -0.03 1320 -0.07 1920 -0.08
130 -0.03 730 -0.05 1330 -0.06 1930 -0.08
140 -0.03 740 -0.03 1340 -0.08 1940 -0.08
150 -0.03 750 -0.03 1350 -0.08 1950 -0.08
160 -0.03 760 -0.03 1360 -0.08 1960 -0.08
170 -0.03 770 -0.03 1370 -0.08 1970 -0.08
180 -0.04 780 -0.03 1380 -0.09 1980 -0.08
190 -0.04 790 -0.03 1390 -0.08 1990 -0.08
200 -0.03 800 -0.03 1400 -0.08 2000 -0.08
210 -0.04 810 -0.03 1410 -0.08 2010 -0.08
220 -0.04 820 -0.03 1420 -0.09 2020 -0.08
230 -0.04 830 -0.03 1430 -0.08 2030 -0.08
240 -0.04 840 -0.03 1440 -0.09 2040 -0.08
250 -0.04 850 -0.03 1450 -0.09 2050 -0.08
260 -0.04 860 -0.03 1460 -0.09 2060 -0.07
270 -0.04 870 -0.03 1470 -0.09 2070 -0.07
280 -0.04 880 -0.03 1480 -0.09 2080 -0.07
290 -0.05 890 -0.03 1490 -0.09 2090 -0.06
300 -0.04 900 -0.03 1500 -0.09 2100 -0.07
310 -0.04 910 -0.03 1510 -0.09 2110 -0.06
320 -0.05 920 -0.03 1520 -0.09 2120 -0.06
330 -0.05 930 -0.03 1530 -0.09 2130 -0.06
340 -0.05 940 -0.03 1540 -0.08 2140 -0.06
350 -0.05 950 -0.03 1550 -0.08 2150 -0.06
360 -0.05 960 -0.03 1560 -0.08 2160 -0.06
370 -0.05 970 -0.05 1570 -0.08 2170 -0.06
380 -0.05 980 -0.03 1580 -0.08 2180 -0.06
390 -0.05 990 -0.04 1590 -0.08 2190 -0.06
400 -0.05 1000 -0.04 1600 -0.07 2200 -0.05
410 -0.05 1010 -0.05 1610 -0.07 2210 -0.05
420 -0.05 1020 -0.05 1620 -0.07 2220 -0.05
430 -0.05 1030 -0.05 1630 -0.07 2230 -0.06
440 -0.05 1040 -0.05 1640 -0.07 2240 -0.06
450 -0.05 1050 -0.05 1650 -0.07 2250 -0.06
460 -0.05 1060 -0.06 1660 -0.07 2260 -0.06
470 -0.05 1070 -0.05 1670 -0.07 2270 -0.06
480 -0.05 1080 -0.06 1680 -0.07 2280 -0.06
490 -0.05 1090 -0.06 1690 -0.07 2290 -0.05
500 -0.05 1100 -0.06 1700 -0.08 2300 -0.05
510 -0.05 1110 -0.06 1710 -0.07 2310 -0.05
520 -0.05 1120 -0.06 1720 -0.08 2320 -0.06
530 -0.05 1130 -0.05 1730 -0.08 2330 -0.05
540 -0.05 1140 -0.06 1740 -0.07 2340 -0.05
550 -0.05 1150 -0.06 1750 -0.08 2350 -0.06
560 -0.05 1160 -0.06 1760 -0.08 2360 -0.06
570 -0.05 1170 -0.06 1770 -0.07 2370 -0.06
580 -0.05 1180 -0.05 1780 -0.08
590 -0.05 1190 -0.06 1790 -fl.08
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Background water level data - Observation well

Time Time Time Time
minutes minutes minutes minutes

0 0 600 0 1200 -0.03 1800 -0.01
10 0 610 -0.02 1210 -0.05 1810 -0.01 4 343
20 0 620 -0.01 1220 -0.05 1820 -0.01
30 -0.01 630 -0.01 1230 -0.04 1830 -0.01
40 0.01 640 -0.01 1240 -0.04 1840 -0.01
50 0.01 650 -0.01 1250 -0.03 1850 -0.02
60 0 660 -0.01 1260 -0.03 1860 -0.01
70 0 670 -0.01 1270 -0.04 1870 -0.01
80 0 680 0 1280 -0.04 1880 -0.01
90 0 690 0 1290 -0.03 1890 -0.01

100 0 700 0 1300 -0.03 1900 -0.01
110 0 710 0 1310 -0.05 1910 -0.01
120 0 720 0 1320 -0.04 1920 -0.01
130 0 730 -0.01 1330 -0.03 1930 -0.01
140 0 740 0.02 1340 -0.05 1940 -0.01
150 0 750 0 1350 -0.05 1950 -0.01
160 0 760 0.01 1360 -0.05 1960 -0.02
170 0 770 0 1370 -0.05 1970 -0.01
180 0 780 0 1380 -0.05 1980 -0.01
190 0 790 0 1390 -0.05 1990 -0.01
200 0 800 0.01 1400 -0.05 2000 -0.01
210 0 810 0 1410 -0.05 2010 -0.01
220 0 820 0 1420 -0.05 2020 -0.01
230 0 830 0 1430 -0.05 2030 -0.01
240 0 840 0 1440 -0.05 2040 -0.01
250 0 850 0 1450 -0.05 2050 -0.01
260 0 860 0 1460 -0.05 2060 -0.03
270 0 870 0 1470 -0.05 2070 -0.03
280 0 880 0 1480 -0.05 2080 -0.03
290 0 890 0 1490 -0.02 2090 -0.02
300 0 900 0 1500 -0.02 2100 -0.02
310 0 910 0 1510 -0.03 2110 -0.02
320 0 920 0 1520 -0.03 2120 -0.01
330 0 930 0 1530 -0.02 2130 -0.03
340 0 940 0 1540 -0.02 2140 -0.02
350 0 950 0 1550 -0.02 2150 -0.02
360 0 960 -0.01 1560 -0.02 2160 -0.02
370 0 970 -0.02 1570 -0.01 2170 -0.02
380 0 980 0 1580 -0.01 2180 -0.01
390 0 990 -0.01 1590 -0.01 2190 -0.01
400 0 1000 0 1600 -0.01 2200 -0.01
410 0 1010 -0.02 1610 -0.01 2210 -0.01
420 0 1020 -0.02 1620 -0.01 2220 -0.01
430 0 1030 -0.03 1630 -0.01 2230 -0.01
440 0 1040 -0.02 1640 -0.01 2240 -0.01
450 0 1050 -0.01 1650 -0.01 2250 -0.01
460 0 1060 -0.05 1660 -0.01 2260 -0.02
470 0 1070 -0.01 1670 -0.01 2270 -0.02
480 0 1080 -0.03 1680 -0.01 2280 -0.02
490 0 1090 -0.03 1690 -0.01 2290 -0.01
500 0 1100 -0.03 1700 -0.01 2300 -0.01
510 0 1110 -0.03 1710 -0.01 2310 -0.02
520 0 1120 -0.02 1720 -0.01 2320 -0.02
530 0 1130 -0.01 1730 -0.01 2330 -0.02
540 0 1140 -0.03 1740 -0.01 2340 -0.01
550 0 1150 -0.04 1750 -0.01 2350 -0.03
560 0 1160 -0.05 1760 -0.01 2360 -0.02
570 0 1170 -0.03 1770 -0.01 2370 -0.02
580 0 1180 -0.02 1780 -0.02
590 0 1190 -0.03 1790 -0.02
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ATTACHMENT C

Hermit Collected Water-Level Data for
Pump and Recovery Tests
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Pumping well cirawdown - Pump test

Time Drawdown Time Drawdown Time Drawdown Time Drawdown (4 348
minutes ft. minutes ft. minutes ft. minutes ft.
0.0000 0.58 5.5 3.65 110 3.94 660 4.05
0.0033 0.42 6.0 3.67 120 3.94 670 4.03
0.0066 0.50 6.5 3.67 130 3.95 680 4.05
0.0099 0.51 7.0 3.69 140 3.95 690 4.06
0.0133 0.54 7.5 3.70 150 3.95 700 4.05
0.0166 0.63 8.0 3.70 160 3.97 710 4.06
0.0200 0.63 8.5 3.71 170 3.97 720 4.05
0.0233 0.65 9.0 3.72 180 3.96 730 4.05
0.0266 0.68 9.5 3.72 190 3.98 740 4.06
0.0300 0.71 10 3.73 200 3.96 750 4.05
0.0333 0.75 12 3.75 210 3.97 760 4.05
0.0500 0.88 14 3.77 220 3.97 770 4.06
0.0666 0.98 16 3.78 230 3.98 780 4.06
0.0833 1.09 18 3.79 240 3.99 790 4.07
0.1000 1.17 20 3.81 250 3.98 800 4.07
0.1166 1.26 22 3.82 260 3.98 810 4.06
0.1333 1.34 24 3.82 270 3.98 820 4.06
0.1500 1.40 26 3.82 280 4.00 830 4.06
0.1666 1.47 28 3.84 290 3.99 840 4.07
0.1833 1.54 30 3.84 300 4.00 850 4.07
0.2000 1.59 32 3.85 310 4.01 860 4.07
0.2166 1.65 34 3.86 320 4.01 870 4.07
0.2333 1.70 36 3.86 330 4.01 880 4.07
0.2500 1.76 38 3.86 340 4.01 890 4.07
0.2666 1.82 40 3.86 350 4.01 900 4.08
0.2833 1.85 42 3.87 360 4.01 910 4.08
0.3000 1.90 44 3.86 370 4.01 920 4.08
0.3166 1.94 46 3.88 380 4.02 930 4.08
0.3333 1.99 48 3.87 390 4.02 940 4.08
0.4167 2.16 50 3.87 400 4.02 950 4.09
0.5000 2.30 52 3.88 410 4.03 960 4.13
0.5833 2.42 54 3.88 420 4.01 970 4.11
0.6667 2.50 56 3.88 430 4.02 980 4.09
0.7500 2.57 58 3.88 440 4.03 990 4.08
0.8333 2.62 60 3.89 450 4.03 1000 4.07
0.9167 2.69 62 3.88 460 4.04 1010 4.07
1.0000 2.74 64 3.88 470 4.03 1020 4.10
1.0833 2.80 66 3.88 480 4.03 1030 4.09
1.1667 2.85 68 3.89 490 4.04 1040 4.08
1.2500 2.91 70 3.89 500 4.04 1050 4.08
1.3333 2.96 72 3.89 510 4.03 1060 4.10
1.4166 3.01 74 3.89 520 4.05 1070 4.09
1.5000 3.05 76 3.90 530 4.05 1080 4.08-
1.5833 3.10 78 3.91 540 4.03 1090 4.09
1.6667 3.14 80 3.89 550 4.05 1100 4.09
1.7500 3.17 82 3.91 560 4.04 1110 4.12
1.8333 3.20 84 3.91 570 4.04 1120 4.11

1.9167 3.24 86 3.91 580 4.05 1130 4.10
2.0 3.27 88 3.91 590 4.05 1140 4.10
2.5 3.41 90 3.92 600 4.03 1150 4.10
3.0 3.50 92 3.92 610 4.04 1160 4.12
3.5 3.56 94 3.93 620 4.04 1170 4.10
4.0 3.59 96 3.93 630 4.04 1180 4.10
4.5 3.61 98 3.93 640 4.05 1190 4.09
5.0 3.64 100 3.93 650 4.03 1200 4.08
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Observation well drawdown - Pump test

Time Drawdown Time Drawdown Time Drawdown Time Drawdown

minutes ft. minutes ft. minutes ft. minutes ft.

E4 349

0.0000 0.ô5 5.5 0.08 110 0.15 660 0.19

0.0033 0.04 6.0 0.08 120 0.14 670 0.18

0.0066 0.05 6.5 0.08 130 0.15 680 0.18

0.0099 0.04 7.0 0.08 140 0.15 690 0.19

0.0133 0.05 7.5 0.09 150 0.15 700 0.18

0.0166 0.03 8.0 0.09 160 0.17 710 0.18

0.0200 0.05 8.5 0.09 170 0.15 720 0.19

0.0233 0.04 9.0 0.08 180 0.15 730 0.19

0.0266 0.04 9.5 0.08 190 0.17 740 0.2

0.0300 0.05 10 0.08 200 0.15 750 0.19

0.0333 0.04 12 0.1 210 0.15 760 0.2

0.0500 0.05 14 0.1 220 0.16 770 0.19

0.0666 0.05 16 0.1 230 0.16 780 0.18

0.0833 0.04 18 0.11 240 0.17 790 0.22
0.1000 0.04 20 0.11 250 0.15 800 0.22

0.1166 0.04 22 0.12 260 0.16 810 0.22
0.1333 0.05 24 0.11 270 0.15 820 0.22
0.1500 0.04 26 0.11 280 0.15 830 0.22
0.1666 0.05 28 0.11 290 0.16 840 0.23

0.1833 0.05 30 0.13 300 0.16 850 0.23

0.2000 0.05 32 0.13 310 0.17 860 0.22

0.2166 0.05 34 0.12 320 0.16 870 0.23

0.2333 0.05 36 0.13 330 0.16 880 0.23
0.2500 0.05 38 0.12 340 0.15 890 0.23
0.2666 0.05 40 0.13 350 0.17 900 0.23
0.2833 0.05 42 0.13 360 0.17 910 0.23

0.3000 0.05 44 0.13 370 0.16 920 0.23
0.31 66 0.05 46 0.13 380 0.15 930 0.23
0.3333 0.05 48 0.13 390 0.17 940 0.23

0.4167 0.05 50 0.13 400 0.17 950 0.25

0.5000 0.05 52 0.13 410 0.17 960 0.26
0.5833 0.05 54 0.13 420 0.16 970 0.25
0.6667 0.05 56 0.15 430 0.17 980 0.24
0.7500 0.05 58 0.13 440 0.15 990 0.25

0.8333 0.06 60 0.13 450 0.17 1000 0.24

0.9167 0.05 62 0.14 460 0.18 1010 0.24

1.0000 0.05 64 0.13 470 0.19 1020 0.25

1.0833 0.05 66 0.14 480 0.18 1030 0.24
1.1667 0.05 68 0.14 490 0.17 1040 0.25
1.2500 0.05 70 0.14 500 0.18 1050 0.24

1.3333 0.06 72 0.15 510 0.17 1060 0.25

1.4166 0.06 74 0.14 520 0.19 1070 0.25

1.5000 0.05 76 0.14 530 . 0.18 1080 0.25

1.5833 0.06 78 0.14 540 0.17 1090 0.25

1.6667 0.06 80 0.15 550 0.17 1100 0.25

1.7500 0.06 82 0.14 560 0.17 1110 0.26

1.8333 0.06 84 0.14 570 0.18 1120 0.25

1.9167 0.06 86 0.15 580 0.18 1130 0.25

2.0 0.06 88 0.15 590 0.18 1140 0.25

2.5 0.06 90 0.15 600 0.17 1150 0.25

3.0 0.06 92 0.15 610 0.18 1160 0.26

3.5 0.07 94 0.15 620 0.17 1170 0.26

4.0 0.06 96 0.15 630 0.17 1180 0.25

4.5 0.07 98 0.15 640 0.18 1190 0.25

5.0 0.07 100 0.17 650 0.18 1200 0.24
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Pumping well recovery test

C4 5O

Time Drawdown

(minutes) (Ft)
Time Drawdown

(minutes) (Ft)
Time Drawdown

(minutes) (Ft)
0.0000 4.00 2.0 0.88

-
76 0.58

0.0033 4.01 2.5 0.84 78 0.58
0.0066 3.98 3.0 0.82 80 0.58
0.0099 3.95 3.5 0.80 82 0.58
0.0133 3.58 4.0 0.79 84 0.58
0.01 66 3.84 4.5 0.77 86 0.58
0.0200 3.86 5.0 0.76 88 0.58
0.0233 3.81 5.5 0.75 90 0.58
0.0266 3.77 6.0 0.74 92 0.57
0.0300 3.74 6.5 0.73 94 0.57
0.0333 3.70 7.0 0.72 96 0.57
0.0500 3.56 7.5 0.72 98 0.57
0.0666 3.42 8.0 0.71 100 0.57
0.0833 3.31 8.5 0.70 110 0.56
0.1000 3.22 9.0 0.70 120 0.56
0.1166 3.17 9.5 0.70 130 0.56
0.1333 3.12 10 0.69 140 0.55
0.1500 3.08 12 0.68 150 0.55
0.1666 3.03 14 0.67 160 0.54
0.1833 2.98 16 0.66 170 0.54
0.2000 2.93 18 0.66 180 0.54
0.2166 2.88 20 0.65 190 0.54
0.2333 2.83 22 0.65 200 0.54
0.2500 2.78 24 0.64 210 0.53
0.2666 2.72 26 0.64 220 0.53
0.2833 2.67 28 0.63 230 0.53
0.3000 2.62 30 0.63 240 0.53
0.31 66 2.56 32 0.63 250 0.53
0.3333 2.51 34 0.62 260 0.53
0.4167 2.24 36 0.62 270 0.52
0.5000 2.02 38 0.61 280 0.53
0.5833 1.85 40 0.61 290 0.52
0.6667 1.70 42 0.61 300 0.51
0.7500 1.56 44 0.61 310 0.53
0.8333 1.45 46 0.61 320 0.53
0.9167 1.35 48 0.60 330 0.51
1.0000 1.27 50 0.60 340 0.51
1.0833 1.20 52 0.60 350 0.52
1.1667 1.15 54 0.60 360 0.51
1.2500 1.10 56 0.60 370 0.51
1.3333 1.06 58 0.60 380 0.51
1.4166 1.03 60 0.59 390 0.51
1.5000 0.99 62 0.59 400 0.51
1.5833 0.96 64 0.59 410 0.51
1.6667 0.94 66 0.59 420 0.48
1.7500 0.92 68 0.59 430 0.49
1.8333 0.91 70 0.58 440 0.49
1.9167 0.89 72 0.58 450 0.49

74 0.58 460 0.49
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Observation well recovery test

Time Drawdown Time Drawdown Time Drawdown

(minutes) (ft.) (minutes) (ft.) (minutes) (ft.)
0.0000 0.24 2.0 0.23 76 0.19

0.0033 0.25 2.5 0.23 78 0.19

0.0066 0.24 3.0 0.23 80 0.19

0.0099 0.24 3.5 0.23 82 0.19

0.0133 0.25 4.0 0.23 84 0.19

0.0166 0.24 4.5 0.23 86 0.19

0.0200 0.24 5.0 0.23 88 0.19

0.0233 0.25 5.5 0.22 90 0.19

0.0266 0.24 6.0 0.23 92 0.19

0.0300 0.24 6.5 0.23 94 0.19

0.0333 0.25 7.0 0.23 96 0.18

0.0500 0.24 7.5 0.23 98 0.18

0.0666 0.24 8.0 0.23 100 0.18

0.0833 0.24 8.5 0.23 110 0.18

0.1000 0.24 9.0 0.23 120 0.17

0.1166 0.24 9.5 0.23 130 0.17

0.1333 0.24 10 0.23 140 0.17

0.1500 0.24 12 0.23 150 0.14

0.1666 0.24 14 0.23 160 0.13
0.1833 0.23 16 0.22 170 0.13
0.2000 0.23 18 0.22 180 0.13

0.2166 0.24 20 0.22 190 0.14
0.2333 0.24 22 0.22 200 0.13

0.2500 0.24 24 0.22 210 0.12

0.2666 0.23 26 0.22 220 0.12

0.2833 0.24 28 0.22 230 0.12

0.3000 0.24 30 0.21 240 0.12
0.3166 0.23 32 0.21 250 0.12
0.3333 0.24 34 0.2 260 0.13
0.4167 0.23 36 0.21 270 0.12

0.5000 0.23 38 0.2 280 0.15

0.5833 0.23 40 0.2 290 0.12

0.6667 0.23 42 0.2 300 0.11

0.7500 0.23 44 0.2 310 0.14

0.8333 0.23 46 0.2 320 0.14

0.9167 0.23 48 0.2 330 0.1

1.0000 0.23 50 0.2 340 0.1

1.0833 0.23 52 0.2 350 0.11

1.1667 0.23 54 0.2 360 0.12

1.2500 0.23 56 0.2 370 0.11

1.3333 0.23 58 0.2 380 0.11

1.4166 0.23 60 0.19 390 0.11

1.5000 0.23 62 0.2 400 0.12

1.5833 0.23 64 0.2 410 0.12

1.6667 0.23 66 0.2 420 0.09

1.7500 0.23 68 0.2 430 0.11

1.8333 0.23 70 0.19 440 0.11

1.9167 0.23 72 0.19 450 0.11

________________________ 74 0.19 460 0.1
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ATTACHMENT D

Hand Monitored Water-Level Data and Hydrographs of the
Hand-Measured Water-Level Data
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Tim Data
Pump on: Date 1./?/ Time

Pump ofl: Date Time c'3

Duration of aquifer test:
, .., ., 4/,. ,Pumping (4C..- Recovery Lk'

Water Level Data
Static water level

Measuring point

Elevation of measuring point

Discharge Data
How 0 measured

Depth of pump/air line

Previous pumping? Yes No

Duration End

Time
Clock Sinc. I Wat•r

Oat. Tim. Pump On I Levsl Remark,

Time
Clock I Since Watsr

Dat. Tim. I Pump On I i.avel R.maflca

—

fOyg/7q 5
f?5t3ip
/7o

(36.
L2o1,2 !7
2Z2o I P15

2.'/f.
I

/2/5 '7/o

'

:1
I

I

.
I

RADiANCOPQNM1ION
Page 1

AQUIFER TEST DATA

Owner _____________ Address /P5 County State TX
Date c7/ J"i Measured by /;#',' , 3VV &4
Well No. Lf QI/ 01 Distance from pumping well _________ Type of test ____________________ Test NO. ______

Measuring equipment 4r F —
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(4 35k)
RADIANC 0 R 0 M V U 0 N

Page / of _____

AQUIFER TEST DATA

Owner (4 5Wt-1.. Address C/54'L County _____________ State _____________

Date / Measured by S1'? P? ., ?/€ .

Well No. L " 0 '/ '2 Distance from pumping well __________ Type of test ______________________ Test No. _______

Measuring eQuipment HG"/ m(4fr,-d 'v/7 /.1e'
TI Data

Pump on: Date______ Time o7'/5 (t)

Pump oft: Date Times 7 (t')
Duration of aquifer test:

1/,' APumping f,'-o Recovery 1 WV

Water Level Data
Static water level

Measuring point

Elevation of measuring point

DIscharge Data
I-low 0 measured

Depth of pump/air line

Previous pumping? Yes No

Duration End

Tim.
Clock I Sinc. W.t.r

Oat. Tim. Pump On Lav.i R•m.rIa

Tim.
Clock Since WM.r

Oat. TIm. i Pump On I L.v.l/i — /3
/5•,)

11257 3,r /i3
/Y,'j39o /5.,'
Ifl5 Y? ''-
I(41 5q' /S?//
i'i�j_H77 /_
ZZo ic _________
235qF'77' /g.,, I

't'c
/.i7

,

-
.1

J

I

I
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Page ot(
AQUIFER TEST DATA

County ________________ State ________________

Measured by S

_________ ___________ Test No. ______

Owner ___________ Adaress t,€$ S'Z- Af

Date / /q'c;)

Well No. L Fo'/- '/•
Measuring equipment 11dM)

Distance from pumping wefi __________ Type of test

'v,7Z

Time Data
Pump on: DateG )1 Time

Pump off: Date Time )'7t)
Duration of aquifer test:

Pumping/ZO Recovery i"O

Water Level Data
Static water level

Measuring point

Elevation of measuring point

Discharge Data
How 0 measured

Depth of pump/air line

Previous pumping? Yes No

Duration End

T1m
Clock I SIncs

Oat. Time Pump On
Watar
Level flemaric,

Clock
Oat. I Tim.

Tim.
Since I Walir

Pump On Lav.I R.m.rl

(J/Lcfl:0%j //c I/73i
o7qc —

'S
I_— -' t-''° 1'83

ô
'a'S '/.'&

op .21.'fi /?o5 2/'/
O1O 1/45

09hf$] & I. ff I___________
.1ics
ZO?

730
7 '

-?/4(,
2'. ___________

O'joo 75 07/./, 2co5 7/.'/3
0030 /. q/ 97. /. ?
j)oc '?i/ '1?

,iO3o cS yq i,'If ..2/L/
IIO# '9S )J.i:i //'/7 I&8? 2197
I1" 2/-,'
/ 1L 2f5 7/. '/?'° aøc!''3'° ' ""
/'/oc 3&o I 2/.94/

/S'3$ 'ff0 .I'1Y
I cJO £/ifç / 5'5
,o 4/75 ic

— .'iqç
i'/o LS3 .21.415

f7foI(.cI 2,'15
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2aqe / ot I
AQUIFER TEST DATA

County ________________ State ________________

Measured by -S v

Owner t9%'5 '-' Address Ci5vZ /91?

Date e'7/

Welt No. 4 1t 4 Distance from pumping well __________ Type of test ______________________ Test No. _______

Measuring eouipment H,4/ 47'c/JØ7I V#' /7th'

Time Data
Pump on: Date Le 2/ Time i (t)
Pump off: Date 6z. Timec!3_'7Ct)

Duration of aquifer test:
APumping / "/- Recovery "

Water Level Data
Static water level

Measuring point

Elevation of measuring point

Discharge Data
How 0 measured

Depth of pump/air line

Previous pumping? Yes No

Duration End

Tim.
Clock I Slnc. W.t.r

Oat* Tim. Pump On I Lv1 RØm.rk,

Tim.
: s.

Oat. Tlm• I Pump On I Lav,l R.marU

— l27.O3 __________
o',q q L7o3
i3i'/ L'7
/7 5c5 7.O/

fl.°2z"i 8&'/ ___________
217 7Z 7.o/ ____________
2q16 7'f 27 J________________
Z3l!a27 277 j I

— —H c27.07 .

I

I

I
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RADIAN (4 3SCGPOMYION
Page / of /

AQUIFER TEST DATA

Owner _______________ Address ________________________________________ County State _______________

Date 7/ Js',. /9 6 Measurea by Stc/7' ?/ /
Well No. I

—
Distance from pumping well __________ Type of test // t Test No. _______

Measuring eQuipment 'â'7'v1 17?4J "1(1 Z''7'' —/,,, l#

Time Data
Pump on: Date /,/.,?/ Time 0 7'5 (t)

Pump ott: Date Time 03"t'
Duration of aquifer test:

,Pumping /20'- Recovery V

Water Level Data
Static water level

Measuring point

Elevation of measuring point

Discharge Dat..
How 0 measured

Depth of pump/air line

Previous pumping? Yes No

Duration End

TIm.
Clock I Sinc. I Wit.,

Dat• Tim. Pump On I Lav.i R.m.rIca

Time I
Clock Since Watir

Dais Tim. t Pump On I L1vS4 R.m.flc.

—

'3091 3/g _______
/O 54'S 37Y
zooi )3.7'

.23.79'

?3.77
iz2aqj gy

(,/ZZi2h/1?8/ _______
— "2'2z1//,7 23.79 ______

79 #cC)

I

I

— I
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Time Data
Pumo on: Datebj. 'rime

Purno off: DateóZl- Time ''7(t')
Durattor of aouifer test:

, j, ,
Pumoing I Recovery 71/4'

Water Level Data
Static water level

Measuring point

Elevation of measuring point

Discharge Data
How 0 measured

Depth ot pump/air tine

Previous pumping? Yes No

Duration End

Tim.
Clock SinCe WSti

Date Time Pump On I Level Remarica

Ttm•
Clock Since W.t.r

Date Time PumD On t Level Remarks

(/Q7/ oc—
/Joc 3,ç /7.,3
/q5 Lc /b

/7.i 1

_______

,/22:37 /?i9
o,'g / z q

/ 7,/s /'iO.t'7

—

, I

.
.

R*DINCDPO?SON

AQUIFER TEST DATA

owner47L5Vi1 dress

Date .21 /q2

t4 359
Page 1 r

County Stale

Measured by 5' 'e f

Well No. ' FO V' qA/ Distance from pumping well __________ Type of lest /.17 /J'

Measuring eouipment 'r' 'P"
Te No. ______
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RADIANCOOTION
Page _ of _____

AQUIFER TEST DATA

County ________________ State ________________

- Measured by ' 8%'
_______________________ Distance from pumping well __________ Type of test _______________________ Test No. _______

Measuring equipment /ft47(/ zj

Address Ct25 &'L

Date .1L..,. l'79ô
Well No. 1 0 3

Time Data
Pump on: Date& I Time t.7 '15(t)

Pump ott: Date ô—2Z Time c'7
Duration of aquifer test: , ,Pumoing /2-cl Fecovery 1G

Water Level Data
Static water level

Measuring point

Elevation of measuring point

Discharge Data
How 0 measured

Depth of pump/air line

Previous pumping? Yes No

Duration End

urns
Clock Sinc. W.t.r

Dat• Tims Pump On I Levsi RemarKs

I Tim. I
Clock Since j Wst.r

Oat. Time Pump On I Level Remarks

— 25. Ij 3,
I(7

L5,7
?�.,7

2OO2 ?Y/ 2�(7
1ZZS '725
25/3 ñ 57D ___________
O22//)/z$7/
/Zc'(/7afI25.7/

-

I

.
I

:

I

.- ,.I•



RADIANCOOMTION 64 361
Page __________ of

AQUIFER TEST DATA

County ________________ State ________________

Measured by " / "p' 34
Owner ___________ Address C,25c.' /9f/3

Date 6—2/ qô
Well No. Distance from pumping well __________ Type of test Test No. ______

Measuring equipment '(d /
c.p—.)/
Time Data

Pump on: Date Time O74'5(t)
Pump off: Date Time 3'7(t')
Duration of aquifer test:

-, LI, APumping / ' Recovery

Water Level Data
Static water level

Measuring point

Elevation of measuring point

Discharge Data
f-tow 0 measured

Depth of pumplair line

Previous pumping? Yes No

Duration End

TIm.
Clock Since j Wat•r

Date Tim. Pump On I Level Remarica

urns
I

Clock Sines I Wstsr
Oat. Tim. Pump On Level A.maflca

/6c5' 2/.O
:,3o71Z /8?

— /&�_; .55) 2/.
— L2o 2/jq
—_______/:: 2/.9O

q$—

— o2/'o,.9
i2oZ/7/?3 1

— I I

.

I.i
.

,

—

1
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ATTACHMENT E

WHIP Plots Used in Analysis
of Pump and Recovery Tests
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TIME (MINS)

Variables

Saturated thickness = 11.7 ft

?laxinum drawdown (pumping well) = 3.5 ft
r = 50 ft

Q 18.3 gpm
Pump well radius 0.25 ft
Effective casing radius = 0.7 ft

esu1ts

Transmissivity = 9771 ft2 /day

Storage coefficient = 1.2 x 1O
(Results have Dupuit correction applied and have been optimized with seven
iterations by the Levenberg—I'larquardt Minimization Algorithm).
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TME—DR4WDOWN PLOT FOR LFO4—02i.E-HJO
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Results

€4 37

Transrnissivity = 8260 ft2/day
(Result has been optimized with seven iterations by the Levenberg—Marquardt
Minimization Algorithm).
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OREAT1ON WELL (LFO4—02) RECOVERY TEST24
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Windowed data 2,100i on T/TPriae plot used In analysis.

(4 371.

Results

Transmissivity = 9501 ft2 /day
(Result has been optimized with seven iterations by the Levenberg—Narquardt
Minimization Algorithm).

f
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PUMPING WELL (LFO4—03) RECOVERY TEST
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APPENDIX C

DPM Evaluation Worksheet for the
Flightline Area
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4 39o

Site identification: Flightline Area (Sites LFO4, LFO5, WPO7 and FTO9)

P.FACE AT PATHWAYS
Score Mu1tp1ier Product Mar.

(circle (scor. x score

Dbserved relseses on.) u1t.)

Rev. contaminants bun d.t.ct..d in surface wat.r? 0 100 1 flU 100

f yes, aasii score of 100 and proc..d to it. 10.

If no. assxgn scar, of 0 and proc..d to it 2.
?athwav characteristics

Distanc. to nearest ur1ac. water 0 1 2 3 4 12

Net pr.cipit.atlon 0 1 2 3 _______ 3

Surfsc. erosion potential 0 1 2 3 4 _______ 12

Rainfall jnt.snsity 0 1 2 3 4 _______ 12

5. Surfac. p.rm.abiLity 0 1 2 3 3 _______ 9

Sum of it.nS 2 throu.h 5 48

6. Normalizsd score (iLtip1y iten 7 x 100/48)

9 Flooding potantial 0 1 2 3 8 _______ 24

10. Adjuzt.d pathway. scar.
If 1 is 100, entsr 100. If it.n 1 is 0, .nt.r
sum of jtes 8 and 9. If s .xc..da 100, .nt..r 100. 1

11. W.,t. contain.rlt •ff.ctiv.nsas factor (Table 2) _______

12. Final scor. for surface wat.r pathway. (u1tip1y it 10 xit 11) 100

3ENTS ON SURFI.CE WATER PATHWAYS

Known surface water contamination

G-3



It.e ioentfication: Flightline Area (Sites LFO4, LFO5, WPO7 and FTO9)

ROUN.4AT PATBWAYS

Score Pu1tiLier Product Max.
(circle (score x score

:bser-ve releases one) .iLt.)

3. 6av. contamxn&itz b..n ci.t.ct.d in groundwat.r? 0 100 1 100
If yes, assign acore of 100 and proc..d to j.t 20.
If no. assign score of 0 and proceed to item 14.

?athwav characteristics

14. Depth to s.asonaL high grotmdwat.r fr base of
waste or contemi.nat.d zone 0 1 2 3 9 _______ 27

:1. PermeabiLity of the unsaturated zone 0 1 2 3 5 _______ 15

16. Infiltration potential 0 1 2 3 5 _______ 15

Sum of items 14 through 15

:s. Normalized score (multiply item 17 x 100/57)

- Potential for discrete features in the .usat.urated
zone to short—circuit the patbway to thu water
table 0123 5 _____ 15

20. Adjusted pathways score. If item 13 is 100. enter 100.
If item 13 is 0, ent.r sum of it. 18 end 19.
If sum exceed, 100. enter 100. 100

21. Waste caOtaiflment. effectiveness factor (Table 5) 1.0
22. Fnal score for gromdwat.r pathwsye (multiply it 20 x item 21) 100

22?TS ON .OUD&T PATHWAYs

Known ground—water contamination

G—4



.te identification: Flightline Area (Sites LFO4, LFO5, WPO7 and FTO9)

::NTAMINANT HAZARD -- SURFACE WAT

:r contaminants have been d.t.cted in surface wst.r (acor. of 100 in item 1). ccioplet.e items 23 through 28. If
ccntaxr,inants have not b..n cet.cted (score of 0 in item 1), ccxoplete items 29 through 32. Attach Hazard Worksheet or list
f contaminants, as appropriat..

Score Result Logarithm
(circle (baa. 10)
on.)

22. Suit of human health hazard quotients (fr colt 10 of Hazard ,.
Worjcsh.st) ______ ______

24. Hu.nan health hazard score 0 1 2 4)
25. Normalized human health hazard scor. (multiply item 24 x 100/6) 100

25 Suit of ecological hazard quotients (enter the larger of the sums of 9.97 1.0
coluon 11 or 12 of Hazard Workah..t) _______ _______

27 Ecological hazard score 0 1 2
56 50.0

5. Normalized ecological hazard score (multiply item 27 x 100/6) _______

0. Maximum human health hazard index 0 1 2 3 4
5 6 7 8 9 Contaminant: ________________

30 Normalized human health hazard score (multiply it.m 29 x 100/9)

31. Maxi ecological hazard index 0 1 2 4 6 Contaminant: ________________

32. Normalized ecological hazard score (multiply item 31 x 100/6)

:CNTA!IINANT HAZARD -- GRDUNtMAT

:f contaminants have been detected in grotmdwat.r (scor, of 100 in item 13) cmsplet.e ijema 33 through 38. If contaminants
av, not been detected (score of 0 in item 13), ccarpl.t.e items 39 througn 42. Attach Hazard Worksheet or list of
:cntaminants. as appropriate.

33 Suit of human health hazard quotients (fron colison 10 of Hazard 1 2xlOU 11.1'.orksh.et) _______ _______

human health hazard score 0 1 2 4

35. NormaLized human health hazard score (multiply item 34 x 100/5) 1

35 Suit of ecological hazard quotients (enter the larger of the sums of 293 9 2 5cojuion 11 or 12 of Hazard Worksheet) _______ _______

37 :ological hazard score 0 1 2 3
46

35 Normalized ecological hazard score (multiply item 37 x 100/6) _______

3 "aximuzn human health hazard index C 1 2 3 4
5 6 7 8 9 Contaminant: ________________

.3 N:rnajczedhuman health hazard score (multiply item 39 x 100/9)

'.1. Maximum ecological hazard index 0 1 2 . S Contaminant:

-2. Normalized ecological hazard score (multiply item 41 x 100/5)



4 2

Score Multiplier Product Ms,
(circle (score x score
on.) mult.)

43 Population that obtains drinking water from potentially aff.ct.d

surface water body(ies) within 3 miles (4.8 km) downatre

44. Water use of neareat surface water body(i.a)

45 Population within 1000 ft (305 m) of the aite

46. Distance to the n.ar.at inatej.lation boundary

47 L.and use and/or zoning within 1 nil. (1.5 ) of the sit..

48. Sum of items 43 through 47

49. Final scor, for htssan health receptors on surface water pathway.

(multiply it 48 x 100/27)

ECOLOGICAL RCEPTS -- SURrACE WATE PATBWAYS

50. Importanc./aenaxtivity of biota/habitata in
surface water bodies nearest the aite

potentially affected 0 1 3 10

5L Presenc, of 'critical erwxrotients' within 1 mile (1.6 km) of thu
site () 3 1 0

52. Sum of it. 50 end 51 10

53. Final score for ecological receptors on .urfac. water p.hwsya

(multiply it 52 x 100/ 18)
55.6

Ste iaentification: Flightline Area (Sites LFO4, LFO5, WPO7 and FTO9)

HUMA1 HEALTh RECEFIOP.S -- SURFACE WATER PATAY

o 1

0 1 2 Q

0 1 2

0 1 2

0 1 2

3 9 9

9
3 ____ 9

31 ____ 3

1 3 3

1 3 3

27 27

100

CaNrs ON SURFAcE WAT RZL±.PIUtS

G—6



S.te identification: Flightline Area (Sites LFO4, LFO5, WPO7 and FTO9)

(4 38

4 8

1 27

1 3

1 3

51

53.1

27

15

12

36

3

3

96

Multi1ier Product Max.
(score x score
mult.)

0

10

HUMAN HEALTH RIEPT.S -- GBOU?AT PATHWAY

54. Estimated m.an groundwater travel time fr current wast. Location to
nearest downgrathent water supply well(s)

55 - Estim.at.d mean groundwater travel tame fr current waste location to

any downgradisnt surfac. water body that suppLies water for dcxnestic
use or for food chain agriculture

56. Groundwater use of th. uppermost aquifer

57 Population potentially at risk Lr groundwater contamination

56. Population within 1000 ft (305 n) of the Cite

59. Distanc. to the nearest instaU.ation boundary

60. S of ita 54 through 59
61. Final score for hsn health receptors on groundwater pathways

(multiply item 60 x 100/96)

Score
(circle
one)

()i 2 3

C 1)3

O 1g)3
0 5 9 12

18
24 36

0 1 2

0123)

ECOLOGICAL REPTZ -- GIC vATt PATHWAYS

62. Estameted mean groundweter travel time fr current waste location to
any downgrathent habitat or natural area

63. Importance/sensitivity of dc,wngrad.iejnt biote/hahitata that are
confirmed or suspected groundwater discharge points

64. Presence of "critical environments' within 1 mile (1.6km) of the
site

65. Sin of items 62 through 64

66. Final score for ecological receptors on grounawater pathways
(multiply item 65 x 100IZL)

0 13 6 g

,.
01J3 6 g

3 1
0 3&

D?TS

54.
55.

12

57.1

21

ON GROUNDWAT REPTORS (attach additional pages if needed)

No downgradient wells.

Travel time 0.2 ft/day. 1,000 ft to surface water. 13.9 days.

C— 7



(4 38
Site ert1catcr:F1ight1ine Area (Sites LFO4, LFO5, WPO7 and FTO9)

SCORING SU?1ARY 5ET

Pathwev 5core

100
12

100
12

100
it 2.2
100

22

Cantamnant
hazard core Receptors score

100 x 100
lt.m 25/30 1t. 9

50 x 556
1t 28/32 it 53

100 x Jit 35/40 61

83.3 57.1
ts 38/42 66

OVALL s:TE SCORE:

71. 100 )2 x 5 + 27.8)2 + 53.1 )2 x 5 (_47.6)2 = 67.136.65
67 item 68 item 69 item 70

72 OveralL site score — 67,136.53 464 = 19,381.25
item 71

G—8

67 Surface watsr/ht h.alth scores

68. Surtace water/.coiogical scores

69 roLmowater/han health scores

70 G:oowater/.coiogica1 scores

/10.000 —

/10.000 —

/10.000 —

/10,000 —

Overall score

1 00

77 R

c3 I

47.6
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